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ELECTRONIC EQUIPMENT COOLING. Under environ- 
mental conditions of high mach numbers of supersonic 
speed and high altitudes of flight, the “thermal barrier” 
is an increasingly critical problem in the design of air- 
borne electrical and electronic systems. Long-accepted 
techniques for cooling are being re-examined and re- 
appraised; new ones are being evaluated. On page 106 
Alvin R. Saltzman, U. S. Naval Air Development Center, 
lays the theoretical background, and describes the physical 
design, of one new system developed at NADC under a 
Bureau of Aeronautics project. Essentially, it applies 
evaporative spray cooling to the equipment. The “system 
can provide a rapidly moving cool liquid thin film en- 
vironment over the immediate surface of the electronic 
chassis to maintain satisfactory temperature levels regard- 
less of the higher temperature ambient air surrounding 
the equipment.” 


DIGITAL CONTROL OF CAM MILLER. This is another 
of a group of articles describing the highly automatic 
machines now coming off the drawing board. In just the 
last few months, it seems that the marvelous machines 
that the automation fans have been talking about have 
become a practical reality. This vertical-spindle cam mill- 
ing machine is controlled from a punched-tape. On the 
tape is punched a data code representing the contour of 
a master cam. When the tape is “played,” the motions 
of the miller are controlled in such a fashion that a blank 
is transformed into the desired precisely machined cam. 
For a description of the control system principles, 
see page 114. 


P-C COMPONENTS. Despite early emphasis on the use 
of conventional components in printed circuit assemblies, 
more and more specially designed units are making their 
appearance. Designers have found that different criteria 
exist in printed circuit assembly systems. As an example, 
tube sockets must have a degree of looseness or “float” 
in the contacts to accommodate variations in the pins of 
tubes and other plug-in devices. Conventional sockets 
have it, but the tabs are also loose and not particularly 
adaptable to easy insertion into small holes in printed cir- 
cuit boards. John F. X. Mannix describes, on page 126, 
a newly designed tube socket, as well as switches, plugs 
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and receptacles, which meet the requirements of auto- 
matic insertion. The sockets still have contact float, but 
looseness of the tabs has been eliminated. 


NEW DEVELOPMENTS. The little shaded-pole motor, 
which is probably the most used of all electric motors, 
is in the center of a storm right now. Puffing wind on 
one side is the equipment designer who loves the shaded- 
pole motor because it is the most economical electrical 
means for getting a shaft to spin. Creating turbulence on 
the other side are the utility and building code engineers 
who are alarmed at the way the poor power factor of 
this motor is free-loading distribution lines. ELECTRICAL 
MANUFACTURING queried just about every manufacturer 
of shaded-pole motors in the:country to discover what 
activity the storm has stirred up. Capsule report: it looks 
like the designer’s friend will survive. See page 132. 


SPOTLIGHT ON POLYESTERS. Not all the cast resin 
applications are devoted to the epoxy resins—up-and- 
coming as they are. Our little band of old-time sentimen- 
talists who, in our last issue, cheered the sturdy survival 
of vacuum tubes and selenium rectifiers, can take sus- 
tenance too from the continuing vigor of the polyester 
casting resin. Some good and useful case histories (for 
rigid parts) from Western Electric practice are described 
in R. G. Black’s article beginning on page 139. In a com- 
panion piece H. G. Manfield of the British Radar Re- 
search Establishment sets up some danger signals in cast- 
ing electronic components (page 139). 


ANALOG COMPUTERS. In the first part of the article, 
“Analog Computers for Machine Control” (see our August 
issue, page 70) the author discussed the need for such 
controls and described the “building blocks” available 
now for the control designer to work with. The second 
and concluding part appears in this issue and explains 
how computers compute. In effect the author breaks open 
the black box and shows the wheels, gears and circuits 
that enable the black box to add, subtract, integrate, etc. 
If you are as curious about black boxes as we and want 
to keep abreast of the trend toward computer controls, 
you should read Part II, beginning on page 145. 
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SYMBOLIC MOTOR. The swiftly ascending curve of 
the design, development and production of electrically 
operated products of all types is rising even faster than 
the ascending curve of our gross national product. And 
since the early days of electrical power application to 
machines and appliances, the motor has been symbolic 
of this progress. This month’s cover reflects both the 
growth of the entire field of electrically operated products 
and the expanding motor market. 

The chart on the cover shows that the annual produc- 
tion of electrically operated machines, appliances and 
equipment of all types has grown from a total of some 
$5.7 billion in 1939 to a level of $39.8 billion in 1955. 
The projected output valued at $70 billion by 1970 is 
based on an expected rise in the gross national product. 
as forecast by government economists. from its present 
level of $370 billion to $562 billion within the same 
15-year period. 

In terms of individual products. this field includes 
some 2000 basic types of machines, appliances and equip- 
ment—machine tools, textile machinery, woodworking 
machinery, special industry machines, household appli- 
ances, air conditioning .equipment, business machines, 
primary electrical machinery, communications equip- 
ment, etc.—within 86 basic industry groups of the U.S. 
Standard Industrial Classifications. Of these 2000 basic 
types, approximately 74 per cent are motor-operated 
products. 

The continuing rise in number of motors being built 
into individual machines for drive and feed was amply 
in evidence at the recent Machine Tool Show in Chicago. 
More functions are being motorized, including automa- 
tion equipment for getting workpieces into and out of 
machines. And with higher speeds and cutting rates the 
rule, horsepower requirements are rising too. 


BOOKBINDING MACHINE. Remember the old gimmick 
of creasing a pair of pants by placing them under a mat- 
tress overnight? This “do it yourself” method was super- 
seded by a clever little pants presser. made up of two 
spring-loaded heating elements, claimed to put knife-edge 
creases in trousers that would hold their shape even after 
exposure to hurricanes, fire or nuclear radiation. What 
have pants and books in common? Well. the last, and 
probably the most important, step in “building” a book 
also involves an ironing operation. used to form the 
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hinges and bond the cover to the page assembly. This 
operation is usually performed by stacking alternate layers 
of books and board presses and allowing the resultant 
assembly to stand 4 to 12 hr under its own weight until 
the hinges are slowly formed and the adhesive dried. As 
with the above pants presser, this so-called “mattress” or 
“sandwich” construction has been eliminated in a new 
assembly machine, that, through the use of electric heat- 
ing elements and chain conveyor, irons the hinges and 
dries the adhesive in a matter of seconds. See page 154. 


ROTARY SOLENOIDS. Recently, we had a little internal 
argument as to how solenoids should be classified func- 
tionally. One said they belong in the control category 
(but really they are controlled), another that in effect 
they are linear motors like air and hydraulic pistons and 
cylinders. Rotary solenoids come even closer to the electric 
motor category when they are used to actuate a mechanical 
device a fraction of a turn. As such they perform a motor 
(power) function. If the same device is adapted to turn 
a gang of wafer switches it becomes a rotary relay—hence 
a control element. You pay your money and you take 
your choice. Beginning on page 158, James Dunbar of 
G. H. Leland, Inc. presents some well illustrated case 
histories where the use of rotary solenoids solved prob- 
lems in power actuation and also in control functions in 
the design of automatic testing and production equip- 
ment. May give you some ideas. 


ENVIRONMENTALIZATION, That’s quite a chunk of 
word and military commanders have been plagued by it 
at least since the time of Hannibal. He learned about it 
trying to cross the Alps in the dead of winter. The fats 
used to lubricate his wagon wheels solidified and the 
wagons became virtually immovable. The military leaders 
responsible for our defense in this day of almost un- 
believable (except to science-fiction fans) weapons insist 
on equipment designed to operate successfully in the en- 
vironment for which it is intended. The environmental 
conditions range from the mud and muck known to in- 
fantrymen of all generations to the high temperature, 
high acceleration, high vibration, high altitudes of jet 
aircraft and controlled missiles. Environmentalization is 
mighty important and John Cammarata of the Arma Divi- 
sion of American Bosch Arma Corporation discusses (be- 
ginning on page 163) the role of the environmental 
department in today’s engineering design laboratory. 


RESISTANCE SOLDERING. About 11 issues and 110 
articles ago (November 1954), we published an article 
entitled, “Soldered Connections.” Frankly, the response 
to this story was beyond our greatest expectations. It 
served to emphasize to us a point we have been making 
for a long time now—namely, the importance of quality 
control to the design engineer. In addition to laying out 
the basic design and selecting the materials to be used, 
the designer, either by himself, or in conjunction with 
production engineers, is also responsible for the specifica- 
tion of methods to be used in production. With this con- 
cept in mind, and without further ado, we herewith pre- 
sent a comparative study of lead-to-pin soldering by re- 
sistance and conduction techniques. Page 168. 

















Research 
Horizons 





Junction Tetrode 
UHF Transistors 


New experimental transistors developed 
at Bell Telephone Laboratories can be 
operated well into the uhf range, ac- 
cording to a recent announcement. The 
higher operating range has been made 
possible, BTL engineers say, by refining 
the structure of the basic junction type 
transistor so that the center (p-type) 
layer of germanium is less than 0.0002 
in. wide, and by adding a fourth elec- 
trode. The width is only one-tenth that 
of the basic type. 





Commercial production of the junc- 
tion tetrode transistor by Western Elec- 
tric Company is scheduled before the 
year is over, but the military will re- 
ceive the initial output. 


Wide-Temperature Range 
Dry Teflon Lubricant 


Extensive military field tests indicate 
that a critical need for a long-lasting 
lubricant and corrosion-resistant coat- 
ing for ordnance equipment can be suc- 
cessfully filled by a Teflon paste com- 
pound, developed at the Naval Re- 
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Tool for Fundamental Research. A powerful crystallographic X-ray tube with 
interchangeable water-cooled rotating metal anode is heart of this new X-ray 
machine developed at the Westinghouse Research Laboratories. Easily replaced 
extra anodes, each plated with a different metal, provide a variety of X-rays. 
The machine is said to be capable of yielding types of radiation unobtainable 
with conventional machines. The improved X-ray tube emits a narrow, intense 
beam activated by a continuous current of 120 milliamp at 45,000 volts. The 
machine has been developed specifically for the study of the atomic structure 


of solid matter. 


& 


search Laboratory, as a part of a Bu- 
reau of Ordnance research project. The 
compound is seen having applications 
also as dry lubricant for bearings, gears, 
universal joints, screw threads and 
valves, in various classes of equipment 
and precision instruments. The Teflon 
paste is applied as a very thin film a 
few ten-thousandths of an inch thick. 

Original requirements for this lubri- 
cant were set as follows: 

1. Coefficient of friction of 0.1 or less 
over a temperature range of —75 to 
+-500 F. 

2. Good adhesion to brass and steel 
over the same temperature range and 
no softening or melting point. 

3. Repellency to both dirt and water. 


1. Negligible solubility in contact 
with any oil or solvent. 
5. Ability to prevent atmospheric 


corrosion of brass and steel. 
6. Economy in application cost; ease 
of application; adequate availability. 
Several experimental facilities have 
now been established by the Bureau of 
Ordnance and Bureau of Ships for ap- 
plying this material. 


Standards for Computer 
Intercommunication 


Growing volume of magnetic tape ap- 
plications for data recording in com- 
puters and various automatic program- 
ming devices, has underscored an 
obvious need for standardization and 
interchangeability of these records. The 
ability to store information on magnetic 
tape from one computer and read it 
on another is not only highly desirable. 
but will, before long. become a practical 
necessity. 

Essentially, the problem of achieving 
industry-wide standardization will have 
to be met and solved by the designers 
of computing equipment and devices. 
This fact has already been recognized 
by a symposium discussion, “Standardi- 
zation of Computer Intercommunica- 
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TUBING 


Mechanical and pump cylinder 
tubing, seamless and welded; 


hydraulic fluid line and boiler 






tubes; structural tubing, etc 


quality, as rolled, 


heat treated. 





ALLOY STEELS 


Tested alloys of known harden- 
ability, standard and aircraft 


annealed, 


CARBON STEELS 


Hot rolled and cold finished bars; channels, 


angles, beams, etc 


; plates of every kind. 


STAINLESS STEELS 


World's largest stock of sheets, plates, 
bars, pipe, tubing, fittings, etc. 









SHEET AND STRIP 
Over 20 kinds and many gauges—in 





pattern sizes or cut to your order. 














Quick delivery from nation’s largest stocks 


nation’s largest, so one call to your nearby 
Ryerson plant brings quick delivery of almost 
any kind of steel in almost any quantity —all of 
it certified for high uniform quality. 

Do you want your steel prepared for immedi- 
ate use? Ryerson facilities include the most 
modern close-tolerance equipment for sawing, 
shearing and flame cutting to your specifications. 


Of course, current heavy demand makes it 


BOSTON 
MILWAUKEE + 


JOSEPH T. RYERSON & SON, INC. PLANTS AT: NEW YORK + 


DETROIT + PITTSBURGH - CHICAGO - 


Need steel in a hurry? Ryerson stocks are the 
BUFFALO - 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


difficult to keep all sizes always on hand but 
our stocks are being replenished continuously. 
Steel that’s out of stock today may be in stock 
tomorrow. And experienced Ryerson steel men 
will help you make the most of steel on hand. 
So for everything in steel and steel service... 
call Ryerson. 


RYERSON STEEL 


* PHILADELPHIA + CHARLOTTE,N.C. «© CINCINNATI + CLEVELAND 
ST. LOUIS » LOS ANGELES +» SAN FRANCISCO + SPOKANE «+ SEATTLE 
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RESEARCH HORIZONS 





tions,” featured in the program of next 
month’s Eastern Joint Computer Con- 
ference. 


Design 
for Quiet 


A concerted attack on noise-generating 
equipment and appliances seems to be 
in the making. Logically enough, this 
promises to be a frontal attack. Objec- 
tives? Design noise out of machines 
and appliances; design quiet into them. 
This then is primarily a matter for de- 
sign engineers. It should not be con- 
fused with programs for noise abate- 
ment in the operation of existing 
equipment, nor with noise reduction 
through architectural acoustical treat- 
ment, although all phases of the prob- 
lem reflect the deep and mounting 
concern with the physiological and 
psychological effects of noise on people. 

And these effects apply to people 
whether they function as operator com- 
ponents in machines, users of appli- 
ances, or as passive elements in the 
vicinity of machines and appliances. 

Three papers on the elimination of 
noise in motors, for example, are sched- 
uled for the AIEE Fall General Meet- 
ing in Chicago this month. R. L. Wall. 
General Electric Company, in one pa- 
per, emphasizes the need for determin- 
ing acceptable sound levels and char- 
acteristics for each type of application 
and in some instances for individual 
motor. A “meaningful, standard method 
for evaluating motor noise is needed.” 
he states. This is basic problem, “as 
fundamental and important as the re- 
duction of motor noise itself.” 

A new study of noise from air con- 
ditioners is being started by the Re- 
search Laboratory of the American So- 
ciety of Heating and Air-Conditioning 
Engineers. First objective of this pro- 
gram is the development of a_basi- 
method of sound measurement capabl> 
of being adopted as an engineering 
standard. The ASHAE program has re- 
ceived the endorsement and support of 
the National Association of Fan Manu- 
facturers and the Industrial Unit 
Heater Association. 


Component Design 
Basic in Automation 


Research and development staffs of 
companies long specializing in instru- 
mentation for industries are 
now moving into machine tool automa- 
tion. Reflecting, and significant of, this 
trend is the action of Minneapolis- 
Honeywell Regulator Company in set- 
ting up a brand-new Machine Control 
Group to be responsible for a long- 
range engineering program of 


process 


major 
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proportions devoted to automatic con- 
trol devices and systems for expanded 
automation in the machine tool field. 

Basic in the program will be the de- 
sign and construction of control com- 
ponents of all types to be utilized in 
complete machine control systems of 
the company’s own design, or which 
will be sold commercially as discrete 
units. The group is composed of a staff 
of automation engineers, headed up by 
John Rudolf, formerly supervisor of 
automation for the cempany’s Minne- 
apolis operations. 


Design for 
Maintenance 


“Built-in” provisions for safe. simple 
and efficient maintenance are increasing- 
ly being advocated as the equipment 
designer’s responsibility. To introduce 
such provisions after a piece of equip- 
ment has been designed, and put into 
operation, is patently uneconomical and 
unsafe; moreover, it reflects poor de- 
sign practice. 

In a paper prepared for the AIEE 
Fall General Meeting in Chicago this 
month, H. R. Walker, assistant 
trical superintendent, Dow Chemical 
Company, urges design engineers to 
recognize the importance of this prob- 
lem. “Some design engineers,’ Mr. 
Walker’s paper declares, “fail to ap- 
preciate the significance of the prob- 
lems of maintenance and of mainte- 
nance expense. These engineers give 
greater consideration to the initial cost 
savings than to the cost of maintenance 
with which they are less closely allied.” 

A warning note is struck by Mr. 
Walker on the relation between equip- 
ment size reduction and 
maintenance conditions. “A continual 
demand in some quarters for a reduc- 
tion in size of equipment has resulted 
in crowding. The maintenance function 
is difficult, awkward, costly and many 
times unsafe to perform when crowded 
conditions prevail. The design for a 
reduction in size and for high-speed 
assembly methods, in the equipment 
manufacturers plant, as dictated by 
competition, often results in a large 
amount of disassembly to change some 
expendable part and makes a major 
operation out of what should normally 
be a simple job. Motors for some ma- 
chine tools and electrical transporters 


elec- 


inadequate 


and trucks require removal to change 


brushes. Some _ controllers are so 
mounted that it becomes necessary to 
loosen them from their mounting and 
shift their position in order to change 


contact fingers.” 


Alice in 

Dial-Land 

“But.” said Alice to the Design En- 
gineer who was sitting in his  shirt- 


sleeves cross-legged on top of a huge 





mushroom, smoking a long black pipe 
and waving his digital computer in the 
air, “I’m terribly confused about the 
dials on my TV set.” 

“Tut, tut, my child,” the Design En- 
gineer exclaimed impatiently, “what's 
there to be confused about? After all, 
we are living in the electronic-atomic- 
nuclear age and only the best butter is 
used for all our Wonder Inventions.” 
replied Alice politely, 
somewhat stubbornly, “but 
when | was a very, very young child 
the dials ran up and down the side 
of the cabinet; and then they went way 
down to the bottom; and only last year 
they went on top of the cabinet; then 
they were made invisible; and now .. .” 

“And, now,” the Design Engineer 
returned petulantly, “the dials are back 
where they were in the first place, 
running up and down the side of the 
cabinet, and what’s wrong with that? 
It just shows you what can happen 
when you roll up a Ball of Wax on a 
good, hard-hitting Motivation Research 
Study.” 

But by this time, Alice had become 
quite weary and began to wander back 
along the forest. As she looked behind, 
the Design Engineer was no longer in 
shirtsleeves but was wearing a char- 
coal black business suit and a shirt with 
a buttoned-down collar and he had 
somehow lost his digital computer. 


aes, | sir, 
though 


Corrosion-Resistant 
Zirconium Alloy 


Developed by Westinghouse at its 
atomic power division, a new zirconium 
alloy is said to exhibit extremely strong 
resistance to combined corrosive action 
of high temperature and high pressure 
water in nuclear reactors. Under these 
conditions, zirconium in the presence of 
certain impurities, has been known to 
disintegrate rapidly. Tests conducted 
over a year’s time on the new alloy 
show corrosion present only to an ex- 
tent of some ten-thousandths of an inch. 

Named Zircaloy-2, this alloy contains 
as the alloying elements 1.5 per cent 
Sn, 0.12 per cent Fe, 0.10 per cent Cr 
and 0.5 per cent Ni. Many other ele- 
tried and discarded  be- 
cause of their neutron-absorbing chiar- 
that 
reactions. 


ments were 


acteristics would have impeded 


nuclear Tin on the other 
hand proved to be particularly satis- 
neutron 


factory because of its low 


absorbing capacity. 


Color for What? 
Department 


One of best-known 
town vacuum cleaners is now positively 
ay with turquoise blue plastics wheels. 
, As for our little woman, she’s hold- 
ing out for the solid gold-plated kind. 


our roll-around- 
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—A.E.J. 
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More Automatic Machine Tools 


MACHINE TOOLS ARE SOLD on the basis of sav- 
ing money for the buyer in the production of 
metal parts. Designers of all of the $20,000,- 
000 worth of equipment on view in Chicago 
the first half of September had that as their 
main objective. Productivity and a_ higher 
degree of accuracy were constantly being 
stressed. 

In attempting to assess the means for at- 
taining these ends, the editors of ELECTRICAL 
MANUFACTURING went behind the scenes at 
the Machine Tool Show. The ensuing analysis 
is a preview of an illustrated review to appear 
in November. 

Forgetting for the moment Detroit auto- 
mation, which is unchanged, they found 
machine tools are being provided with greatly 
increased power drives, with greater speed 
ranges and with more auxiliary functions in- 
dividually motorized. Even on the manual 
drill press hand rapid traverse is being sup- 
planted with a separately motorized feed, and 
all the automation equipment for getting 
parts into and between two or three machines 
calls for individual motor-driven conveyors. 
There is a decided increase in electrical power 
per machine. And in speaking before a motor 
sales group a machine tool executive called 
for drive motors with mounting flanges or 
foot pad tolerances well inside present NEMA 
standards. 

Some adjustable-speed drives are being 
obtained with electronic rectifiers, but these 
are the exception. Mechanical types are more 
common, but the multiple gear transmission 
leads by far. Gears are shifted remotely by 
push button or dial using magnetic clutches 
or electrohydraulic actuation. 

Most marked advance in means for secur- 
ing foolproof accuracy is the application of 
automatic size control, using feedback and 
statistical quality control theory. Whether 
from lathe, grinder or gear hobber the out- 
put is checked by electric or electronic gage 


and if departure from the set limits persists, 
a signal is fed back to adjust the position of 
the grinding wheel or cutter. Almost in- 
variably, pulsing methods are used to turn 
a feedscrew through ratchets actuated by 
solenoids or electrohydraulic valves. Mean- 
while on open-loop positional control systems, 
the limit switch predominates by a wide 
margin. 

Closed-loop servo systems employing syn- 
chros, along with tape-controlled machines, 
can legitimately be categorized under the 
heading of things to come. Several machines 
employing such systems were on the floor 
but in every case they were prototype models 
rushed to completion to meet the show dead- 
line, and admittedly all of the “bugs” had 
not been worked out of them. Nevertheless, 
they show great promise of ultimately being 
real cost-cutters. The biggest problem is to 
develop a simple system the cost of which 
will not be out of proportion to that of the 
basic machine being programmed to produce 
a part from instructions punched into the 
tape. 

On the same level were sample systems of 
computer-type controls employing magnetic 
and solid-state devices of miniature size. Their 
main appeal lies in the reduction of space 
for controls of intricate machines, besides 
reducing contact maintenance routines. 
Again, they await the standardization of 
components to reduce present relatively high 
costs compared with relay panels. 

All in all, it is apparent that machine tools 
are posing more electrical problems. To ac- 
celerate the obsolescence of some half million 
machines in industry now over twenty years 
old—and thereby sustain a vast replacement 
market for machines and an expanded mar- 
ket for electrical components—even closer co- 
ordination between the machine builders and 
the manufacturers of motors and control will 
be required. 
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ower Technique 


for Electronic Equipment Cooling 


High mach numbers at which air- 

craft are capable of flying create 

air temperatures beyond allow- 
able environmental limits for airborne 
electronic components. Moreover, the re- 
duced air density at high altitudes pro- 
vides only relatively small quantities of 
air for cooling. By employing the prin- 
ciples of simultaneous heat and mass 
transfer, a new system of cooling can 
be applied wherein ram air plays only 
a subordinate role of a vapor heat car- 
rier. Performance characteristics are 
such that with relatively small quanti- 
ties of air and liquid it is possible to 
dissipate comparatively large quantities 
of power per unit volume of electronic 


equipment. 
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IN THE CONVENTIONAL TYPES OF electronic cooling 
systems, air was the only medium for removing heat 
from the equipment to the ultimate heat sink. This article 
describes a technique wherein air is relegated to a 
subordinate role for removing heat from the electronic 
equipment. The “water cooled tower” design principle 
is applied to an electronic chassis and uses simultaneous 
heat and mass transfer as the technique of cooling. 

To understand how the thermodynamic properties 
of air could be modified to make it acceptable as a 
coolant for airborne electronic equipment, it is necessary 
to be familiar with some of the basic limitations of air. 
Therefore, some of the thermodynamic properties of 
air as a coolant are explained here: Three distinct 
regions of motion have been postulated for an air fluid 
in turbulent flow (Fig. 1). 

In the main body of the fluid a state of complete agita- 
tion exists, characterized by a random mixing of the 
masses of the air fluid. An irregular variation of fluid 
velocity is found here and results in a transfer of 
momentum from one point to another. The transfer of 
momentum and mass from the center of the conduit 
toward the all is rapid. This phenomenon has been termed 
this “eddy mixing” and the swirling masses termed 
“eddies.” 

By contrast, adjacent to the retaining wall the laminar 
flow prevails. Within the “film” there is no radical mass 
flow of mixing, and here the transfer of momentum occurs 
by the relatively slow process of molecular diffusion. 

In the intermediate buffer or transitional zone, both 
turbulent and molecular diffusion occur. Like the trans- 
fer of mass by eddy mixing in the turbulent region, the 
transfer of heat in the turbulent layer is an eddy trans- 
port phenomenon and depends upon the “eddy coefficient” 
of turbulent momentum exchange, which in turn is 4 


*Mr. Saltzman was the project engineer who administered and directed the 
heat transfer problem described in this article, B. T. Plizak and L. F Tomko, 
also of NADC, were project associates 
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product of the length of an eddy and the point velocity 
in the turbulent stream. Also, the length of an eddy for 
a round pipe varies from 0 at the wall to about 14 per 
cent of the conduit radius at the centerline. In other 
words, the size of an eddy is a function of the diameter 
of the electronic heat exchanger fluid duct. It influences 
the degree of mixing and the rate of heat removal in the 
turbulent core. Regardless of the effect of duct size on 
turbulent condition in the main fluid stream rather than a 
laminar flow condition under which heat transfer is rela- 
tively slow. 

Because airborne electronic equipment design requires 
minimum blower weight, volumetric flow capacity is re- 
duced; consequently, for many cooling applications, the 
type of flow is laminar. The advantages of turbulent 
mixing thus cannot be had, and heat transfer is by the 
slow process of molecular diffusion. The evaporative 
spray tower system to be described aids the formation 
of a turbulent core even at low Reynolds’ number by the 
artificial stimulus of the water spray drops flowing 
counter-current to the hot air stream. However, the main 
advantage of the simultaneous heat- and mass-transfer 
system is that it introduces the diffusivity of mass of 
vapor in both the laminar sublayer and the turbulent 
core. Thus, water vapor diffusion plays a major role in 
providing a rapid means of removing heat from the 
electronic equipment chassis surface. 

Although there is resistance in the turbulent core, the 
main resistance is in the laminar and stagnant gas film 
adjacent to the wall. As previously explained, in this 
region the exchange of momentum occurs only by the 
slow process of molecular diffusion. To compensate for 
this condition in the cooling tower, a liquid diffusion 
system was established by providing a thin film of water 
rapidly moving over the exterior of the equipment pres- 
surized case. 

Enthalpy and the effects of specific heat and temperature 
on change of enthalpy also have to be considered. The 
release of heat by the electronic equipment manifests 

Btu 
itself by increase of enthalpy ( ) of the air-vapor 


Ib 
stream. The amount of air released by the system to 


cause a |-deg rise in temperature for a unit mass of air 


Turbulent 





Lominor 








Btu 


is the heat capacity ( ) If the pressure of the 
lb deg FZ. 


air is maintained constant, the heat capacity can be desig- 
nated as c, and the change of enthalpy can be ex- 


pressed as 
“7 
J (aT 
r 


The heat capacity is relatively low for air alone, 
Btu 
namely, 0.24 . and does not change much within 
lb deg F 

the temperature limits for airborne cooling conditions. 
Therefore, it is permissible to use a mean value of heat 
capacity, and the change of enthalpy can then be ex- 
pressed by the relationship 


AH Cen )ie (Es T)). 


When using air alone as a coolant, the heat capacity is 
low in value and the heat from the electronic equipment 
is manifested by a rapid rise of temperature on the 
equipment and its components. To compensate for this 
undesirable effect, the evaporative tower cooling system 
was designed to give the optimum heat capacity per deg F 
temperature rise of the entering air stream. This required 
that the thermodynamic properties of the air, as it entered 
the electronic chassis diffuser stream, be modified by 
the vaporization of small water drops. It further required 
that a thin film of rapidly moving water covering the 
electronic chassis remove heat from the equipment by 
vaporization and diffusion into the main gas stream. 

Thus the technique of removing heat from the elec- 
tronic system without rapidly raising the temperature of 
the air becomes evident because advantage is taken of the 
latent heat of evaporation and the specific heat of water 
vapor which is almost twice that of air alone. For ex- 


ample, the total enthalpy of unsaturated air can be 
expressed as 


H = XepTopt+ XrAvpt 0.45X (Tair Tp») 0. 247 ass 
where 
\ humidity, |b water per lb of bone dry air 
Btu 
Cp = specific heat of water at constant pressure = 1.0 — 
lb deg F 
Flow 


Wall of conduit 


Fig. 1—Three regions of air flow in turbulent motion. 


OCTOBER 1955 


107 











Air out Heat exchangers 


for rador 
modulotor cose 












Air 
fan 


Woter 
coolont 







Electronic Electronic 
heot dissipating heot dissipating 
components components 
A A 8 |? 
SYSTEM ‘ 
*,8 
A 
Air in Air in 
e S2§Se Se §8 es §$ 8s S& 5 é- &— 
= S° SS SS S* S* s? SS SS = $d Ss 
S= ESS S §8 SP EB §* s= 3 S- 4 
S8 sess Se Fs SESS SY £3 3S gs gs 
SSIESLSSSL SFLITESS GS = Ss SS 









heen hn A he dnd ll 




















Ato 


N 
N 
N 
, 
N 
f 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
, 
\ 
‘ 
y 
Y 
N 
N 

Ay 


Baisicige:c J 


F Actanthetiartutatudhatatutadiadidl tdi diutidi ceded 


Temperature profile 
at B-B 


LM a a 





Temperoture profile 
ot A-A 
Tp,» = dew point temperature, deg F 
Adp = latent heat of evaporation of water at dew point 
temperature 

Tair = air temperature, deg F 
Btu 

0.45 = specific heat of water vapor, ——— 

Ib deg F 
Btu 
0.24 = specific heat of air, ———— 


lb deg F 


The total enthalpy of the air-vapor fluid can thus be 
increased without a sharp temperature rise, such as 
would occur with air alone, merely by spraying many 
small fluid drops into the air stream so that the heat 
from the electronic equipment can be used (1) to raise 
the temperature of the liquid drops as sensible heat; 
then, (2) without a temperature change to expend ad- 
ditional heat as latent heat of vaporization; and (3) to 
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Air ond vapor out 


Fig. 2—Relative expected temperature changes 
in a cooling system. Two systems are com. 
pared: System “A” uses liquid coolant cir. 
culating on the inner jacket of the equipment 
(pressurized radar modulator). Outer jacket 
uses ram air as coolant. System “B” (spray 


system) has only one jacket for mixing of 
SYSTEM extremely small drops of liquid into air 
 g stream. Both systems employ two fans in 
interior and have identical configurations. 
3 
= _— 
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Ss 5s 
ESS 
SSH$s 
TFEHS 





Fig. 3—Cut away view of con- 


struction of electronic spray 
tower (System “B” in Fig. 2). 


expend additional heat as sensible heat in raising the 
temperature of the water vapor. Two additional heat 
capacities for removing heat from the electronic equip- 
ment are provided in addition to that of raising the 
temperature of the air. The major advantage of course 
is provided by the latent heat of vaporization since it 
can be used to expend about 1050 Btu per lb of water 
without a temperature rise. 

Study of electronic cooling systems developed in the 
past shows that where a liquid or air or both were used 
as coolants, the two fluids were separated by the metal 
wall intermediate of the electronic heat exchange system. 
Disadvantages of the wall are: (1) It limits the intimacy 
of contact between the two fluids; (2) it reduces the 
effectiveness of momentum transfer, due either to reduc- 
tion of the length of an eddy in the turbulent core or 
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to reduction of laminar velocity gradients; (3) it serves 
as a surface upon which resistances might accumulate as 
fouling and scale films; (4) it increases the number of 
stagnant gas film resistances to heat transfer in the 
laminar and the laminar sublayers. 

Figure 2 is for comparison and examination purposes 
for types and effects of films resistances and attempt to 
visualize the advantages of a spray system. System “A” 
is a pressurized radar modulator using a liquid coolant 
circulating on the inner jacket of the pressurized modu- 
lator. The outer jacket of the modulator employs ram air 
as the coolant. The interior of the pressurized modulator, 
where the heat is being dissipated contains two fans, 
mounted at top and bottom of the chassis, to circulate the 
air. System “B” is designed only with a single jacket 
to allow intimate mixing of extremely small liquid drops 
within the range of about 0.00045 in. into the air stream. 
Otherwise, the two systems are identical in configuration 
and design. 

In comparing the design of the two systems, the powet 
being dissipated as heat is considered constant. Examina- 
tion of the relationship g — Uo Ao ATo shows that if 
the overall film coefficient of heat transfer, Uo and Ao 
are low, then the temperature rise A7’ must be high. This 
is the undesirable condition that is occurring in many 
types of electronic equipment, namely, low film coefficients 
of heat transfer and high temperatures of the equipments 
interior jacket and electronic components. Examination 
of the temperature profile at “A-A”, Fig. 2, shows that 
there are four stagnant air gas film resistances, designated 
a, d, e, f, and two stagnant liquid film resistances, b, 
and c, through which heat must pass before it can reach 
the exterior of the modulator environment or the outer 
shell jacket. Gas film a is shown on the inside of the 
pressurized system nearest to the electronic components. 
Liquid film 6 is on the other side of the metallic wall. 
Likewise, there is one liquid film resistance and three gas 
film resistances on the sides of the center and outer shell. 

Inspection of System “B” leads to the conclusion that 
a lower overall equipment temperature will be achieved 
due to the following: 

1. There will be only one “pure” gas film resistance. 
a, on the innermost wall of the electronic equipment 
nearest the heat being dissipated by the electronic com- 
ponents. 

2. The other side of the wall will have two films b and 
c, but these are rapid moving liquid water film b and a 
combination gas vapor film both of which offer a lesser 
resistance than pure stagnant air to impede the passage 
of heat due to the diffusion characteristics of both films. 

3. Elimination of the center jacket automatically 
eliminates the two film resistances on both sides of the 
jacket wall. 

4. Elimination of the center jacket allows a greater 
diameter of duct and therefore provides a greater amount 
of eddy mixing in the turbulent core. 

5. The coolant is no longer air but a combination of 
air and water vapor with, as previously discussed, a 
greater overall heat capacity. Therefore it was estimated 
that the fluid will experience a smaller temperature rise 
for a unit change in enthalpy. 


Evaporative Spray Cooling Apparatus 


This apparatus is shown in Fig. 3 and consists of a 
covered aluminum cylinder simulating the modulator 
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of a radar system, an aluminum jacket enclosing the 
simulated modulator. and a system of spray nozzles. A 
900-watt heating element mounted in its center served 
as a heat source or “load.” Two Diehl fans, model No. 
SSFD6-21, were used to circulate the air inside the 
modulator in an attempt to keep the case temperature 
uniform. Circular air ducts were welded in the top and 
bottom covers of the outer jacket to permit passage of 
air into the space between cylinder walls and the diffusion 
chamber. A fan supplied the required air. The nozzle 
system comprised six nozzles equally spaced along the 
outer edge of the top cover of the jacket and mounted so 
that their spray would enter the diffusion chamber, and 
one spraying system mounted just above the center of 
the modulator so that its spray would wet the outside 
of the inner case of the modulator. A Pesco gear-type 
pump, model No. 1P-525-FL1, supplied water to a well 
above the apparatus from which the nozzles fed. The 
spray water was collected in a trap at the bottom of the 
equipment and pumped back to a reservoir and then 
recirculated. A more detailed description of the ap- 
paratus is given in Cited Reference (7)* with instrumen- 
tation. 


Instrumentation 


A system of copper-constantan thermocouples was used 
to determine when a steady-state condition existed. Case 
temperatures were taken in half-hour intervals, and 
when three consecutive readings were constant it was 
assumed that steady-state conditions existed. 

The water was pumped through a rotometer which 
measured the rate of flow and then to a well or manifold 
which fed the nozzle system. The nozzles dispersed the 
water into a fine misty spray and ejected the spray 
into the diffusion chamber. Both the nozzle configura- 
tion and nozzle type used were far from ideal and should 
be further investigated for more efficiency. That portion 
of the spray which was not evaporated was collected in 
a trap at the bottom of the equipment. Here the tem- 
perature of the water of the diffusion chamber was 
taken by another copper-constantan thermocouple. The 
water was pumped from this trap back to the reservoir 
for recirculation. A liquid-level gage on the reservoir 
of a water-tight system could be used to determine the 
rate of evaporation. 

Air flow rates were determined by an auxiliary air- 
flow apparatus which incorporates an_ orifice-meter. 
Measurements were also made of three properties of 
the inlet air, namely, the wet- and dry-bulb temperatures 
and the dew point. Dew-point and wet-bulb temperatures 
were also made of the exit air. Thirty-gage copper-con- 
stantan thermocouples were also used to measure the 
wet- and dry-bulb temperatures. The reference junctions 
were kept at 0 C. A dew-point apparatus was used to 
determine the temperature of the dew point. 


Performance Characteristics 


In evaluating the thermal performance of the system, 
experimental runs were made, as shown by the accom- 
panying tabulation, at three low air-flow rates, 10, 15, 
and 20 cfm. Several runs were made at each of the three 
flow rates with liquid circulating at different rates from 
47 to 100 lb of water per hr. It should be clearly under- 


* Italic numerals in parentheses apply to Cited References at end of article 
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Fig. 4—Effect of gas and liquid 
flow rates on case temperatures. 


stood that the water circulating rates are a different 
entity from the liquid evaporation rates because the 
water circulating rates do not represent expendable fluid. 
The following results were indicated from the data: 

1. The amount of water actually expended as vapor 
ranged between the limits of 1.07 and 3.35 lb per hr for 
ambient air temperature ranges of 70 to 198 F and air 
flow rates of 10 to 20 cu ft per min. Tests now being 
performed using techniques of pulsing air and vapor 
show even further reduction of weight of water required. 

2. Evaporation alone (mass transfer of heat) was 
not entirely responsible for removing 950 watts of heat 
from the electronic equipment; sensible heat transfer 
contributed to removing the balance of heat dissipated 
by the equipment. Therefore, this system proved to be a 
truly simultaneous system for sensible and mass transfer 
of heat. 

Interpolation and study of the dew point data and 
the water temperatures at the top of the tower show that. 
almost invariably, mass transfer of heat was from the 
liquid into the gas stream, and that convection heat 
transfer was in the opposite direction from the gas stream 
into the liquid flowing over the surface of the electronic 
equipment. In general, at the top of the chamber, the 
dew point temperature of the gas and the liquid tem- 
perature were relatively close, indicating a small 
transfer driving force. In contrast, there was considerable 
temperature differential between the dry-bulb tempera- 
ture of the gas and the water temperature. indicating 
large convection of heat-driving forces. 

1. At the bottom of the chamber (inlet of air. 
water } 


mass 


exit of 
direction 
as the top of the chamber, from the liquid into the gas 
stream: the magnitude of the driving 
In effect, the driving force for mass 
transfer was the predominant means of transferring heat 
at the bottom of the chamber. This despite the fact that 
at high temperature runs the temperature differentials 
between the dry-bulb and the water temperature 
high, showed 


posite direction. 


mass transfer of heat was in the same 


however. force 


was much larger. 


were 


convection transfer of heat on the op- 
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5. Although at the bottom of the chamber the direction 
of mass transfer of heat was always in the direction of 
the liquid to the gas stream, convection heat transfer 
varied in direction and intensity, depending upon the 
dry bulb temperature of the inlet air. For low air tem. 
perature runs, mass transfer and convection heat transfer 
were in the same direction. 
‘temperature runs, 


However, for the high air 

heat transfer was in the 
direction opposite of mass transfer: namely, from the 
gas to the liquid stream. 


convection 


6. After consideration of the mass and sensible heat 
transfer characteristics, it can be seen that there are 
complicated variable driving forces of sensible heat and 
mass transfer throughout the tower length. Although the 
mass transfer of heat-driving force was generally in one 
direction, convection, heat-transfer driving forces varied 
both in intensity and direction depending upon the rela- 
tive level of the dry-bulb temperature of air and the 
temperature of water. 

7. The liquid spray temperatures at the inlet and out 
let condition showed that invariably the temperature of 
the liquid leaving the equipment was cooler than at its 
inlet condition. 

8. On many high temperature runs the dry bulb tem- 
perature of the inlet gas was considerably lowered 
it left the equipment, even though in the process of pass- 
ing through the diffusion chamber it removed over 900 
watts of power. For one run the air entered the equipment 
at a dry-bulb temperature of 197 F and left at 145 F, a 
temperature drop of about 52 F. 

9. Study of two relative humidity columns indicated 
that the exit air vapor stream was far from 50 per cent 
saturated. This indicates that the system could have dis 
sipated at least double 900 watts, before a saturation 
condition is reached. 

The relative effectiveness of electronic cooling design 
from the point of view of the aircraft manufacturers 
requires careful consideration by the electronic equip- 
ment manufacturer during development of the equip- 
ments. 

In this regard, it is pointed out that ram air in passing 
through an electronic equipment undergoes a change in 
momentum which appears in the form of drag on the 
aircraft. The change in momentum involved is between 

point in the free stream ahead of the point of entry 
and at a point aft of the exit where the pressure of the 
air once more is equal to that of the free stream. For an 
installation having no exit duct, the air will leave with 
little or no resultant velocity in the line of flight and the 
momentum drag 


can be determined by the relationship 


mI 
DD 
q 
where, 
dD drag. Ib 
m cooling air mass flow, Ib /se« 
\ aircraft speed, ft/sec 
q 32.2 ft/sec? 


Assuming that the aircraft is powered by jet engines 
having a specific consumption (for jets about 1 lb/Ib 
thrust/hr) the fuel consumed in overcoming momentum 
drag can be determined. By using the preceding method 
as a criterion, Boswell (2) has evaluated the expected 
capabilities and limitations of ram air cooling alone. 
He has concluded that ram air cooling is only possible 
within certain limits of mach number and altitudes of 
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night. Because of the advantageous conditions described 
for evaporative cooling, it appears now that the ac- 
ceptable ram air cooling envelope given by Boswell can 
be considerably extended, particularly at high mach 
numbers and low altitudes of flight where temperature 
of ram air is above that considered acceptable for air- 
borne electronic equipment. The extent to which the 
evaporative cooling system described in this report 
extends the range of ram air usage is the subject of a 
report now in preparation by Aeronautical Electronic and 
Electrical Laboratory of the U.S. Naval Air Development 
Center. 

Figure 4 is a comparison of the performance of the 
evaporative system and the conventional system which 
uses air alone. The three curves on the left show the 
results of varied gas and liquid rates on the case tem- 
perature of the electronic equipment and the curve on the 
upper right shows the effect of air alone on the case 
temperature. 

It would have been desirable for the air system to run 
at approximately the same gas flow rates as the liquid- 
air evaporative system. Although attempts were made 
to do this, it was found that even before an equilibrium 
interior case temperature was reached, the temperature 
conditions within the modulator became so high that the 
power dissipating elements burned out and the equip- 
ment had to be shut down for repair purposes. Although 
it subsequently compromised the comparison of relative 
performance of the two systems, air flow rates were used 

cu ft 
of the order of 10 to 20 times (100 to 200 ——) that 


min 


of the water-air system. However, even with this obvious 
advantage, it is apparent that the liquid-water vapor 
system is superior. 

Comparison of the liquid-air system when least cooling 
is achieved (air rate — 10 cfm and circulation rate = 
40 lb/hr) with the best condition of the air system (air 
rate — 180 cfm), indicates that the inside case tempera- 
ture of the gas-liquid system is still about 6 C below that 
of the cooling system using air alone. Comparison with 
the opposite extreme, that is, 20 cfm of air at a liquid 
circulation rate of approximately 100 lb/hr with the 
air system using 100 cfm, gives much greater case 
temperature differentials. Under these conditions, the 
temperature differential of the case for the air system 
alone was 106 C; whereas, the case temperature of the 
liquid-water vapor system was only 62 C. Therefore, 
lowering the case temperature of the order of 42 C was 
achieved. 

In a previous heat transfer study, (3) it was de- 
termined that for a pressurized modulator of the same 
design the hot-spot temperatures of components such as 
tubes, resistors and capacitors varied directly as the case 
temperature of the electronic equipment. Thereiore it can 
be concluded that a reduction of interior modulator com- 
ponent temperatures of the same magnitude as that 
achieved for the case could be obtained. 

One of the limitations of an evaporative spray system, 
reported by the process industries, was that the liquid 
drops have a relatively high liquid film resistance in 
comparison with gas film resistance. This is due to rela- 
tively stagnant liquid motion within the drop, conse- 
quently causing small velocity and temperature gradients. 


Performance Characteristics of Diffusion Chamber for Evaporative Spray System 
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| Dry-bulb temperature | Wet-bulb temperature | Relative humidity | Liquid temperature Evapore- 
| Ge | tiguid | Ges | es | |e | ee 
Test | rate rate | | rate 
No. (Ib /hr) | (Ib /hr) In Out | In Out | In Out | In Out (Ib /hr) 
sesinaiitaidcandalt nisi alana Seiadeiitlccmavatieenints teins icheimnne i — 

42B | 109.8 99.21 72.89 | 106.0 | 58.94 | 90.07 | 43.0 55.0 94.39 | 87.28 2.20 
T4B | 102.2 | 99.91 | 198.14 | 172.0 | 90.81 | 108.36 | 2.6 | 16.0 | 110.97 | 107.63 | 3.39 
44B | 65.9 99.21 | 82.87 159.0 | 64.38 107.84 36.0 21.0 | 105.37 101.46 2.91 
76B | 60.5 | 99.91 | 193.87 | 194.0 | 92.04 | 114.39 2.1 10.5 | 117.79 | 113.50 | 2.40 
45B | 40.7 99.91 | 73.14 | 170.0 | 54.25 | 106.14 | 27.0 14.0 | 107.51 | 102.99 | 1.30 
47B 42.8 99.21 | 196.96 | 145.0 93.89 120.02 | 2.5 48.0 123.23 193.908 | 2.73 
26B 111.6 Tee2T 85.72 | 100.0 65.83 94.47 | 34.0 82.0 98.15 | 89.96 2.88 
34B 65.5 TST 81.72 134.1 60.17 100.93 | 27.0 33.0 104.06 96.48 1.96 
33 B 43.6 77.27 83.62 132.3 | 63.52 | 106.42 32.0 43.0 111.14 106.53 | 1.69 
24B | 102.6 67.30 82.05 140.0 63.80 90.53 37.0 16.0 96.40 | 89.11 | 1.07 
28 B 69.1 67.30 87.70 127.5 69.92 105.17 42.0 51.0 106.35 97.90 2.36 
32 B 43.2 67.30 82.35 142.5 58.32 106.83 21.0 31.0 110.15 106.03 | 1.70 
36B | 109.8 46.86 70.23 187.0 54.77 85.89 | 26.0 29.0 92.01 719.79 1.73 
75 B 106.2 46.86 177.26 137.0 | 84.70 | 101.37 | 1.6 30.0 109.45 102.09 3.35 
30B 64.8 46.86 84.58 122.0 60.16 | 101.57 22.0 49.0 105.50 94.34 2.24 
35 B 43.6 46.86 77.83 141.0 55.90 105.27 | 23.0 30.0 105.29 96.02 1.57 
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This effect can be minimized by judicious selection of 
drop size and drop distribution. Apparently this has 
been achieved to some extent in the evaporative spray 
system described here. 

The inlet air temperatures for all points shown on the 
curves of Fig. 4 were approximately 30 C. However, for 
the evaporative spray cooling systems certain of the runs 
were repeated under identical flow conditions but with 
higher ambient air inlet temperatures ranging up to 
about 85 C. Even when the temperature increased to 
this high value the interior case temperature remained 
approximately the same or showed little temperature rise, 
as with the lower ambient temperature of 30 C. The 
results of tests performed to-date indicate that the fast- 
moving, low-temperature, thin liquid film environment 
acts as a protective barrier to the interior electronic 
components from the high temperature ram air carrier 
gas. 

Different heights of various electronic cooling tower 
designs are required for the accomplishment of one 
transfer unit, depending upon how a particular tower is 
constructed and how much surface it contains per cubic 
foot of volume. From experiments on a particular type 
of electronic cooling tower design of height, Z, it is pos- 
sible to determine, by graphically integrating the area 
under the curve, Fig. 5, the number of transfer units, 
NTU, of diffusion or heat transfer and the height of a 
single transfer unit, HTU. Therefore, the relationship is 


ATU =—— 

NTU 
and if two of the three terms are known the other can 
be easily determined. 


Enthalpy (Btu/Ib dry air) 





gs89 90 MH 92 
Liquid temperature, dea F 


93 94 95 96 9&7 98 99 


Fig. 5—Calculation of number of trans- 
fer units of diffusion or heat transfer. 
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To have a high degree of accuracy for electronic 
cooling application this method requires considerable 
adaptation and study. Briefly, the technique will have 
to be modified as follows: 

1. To cover non-adiabatic conditions. 

2. To cover variable changes in liquid film resistance 
from top to bottom of chamber. 

3. To provide a means of determining the true curva- 
ture of the operating line because the water temperature 
does not vary at a linear rate throughout the tower’s 
height. 


Advanced Evaporative Cooling Tower Chassis 


The performance characteristics previously described 
related to an early design of equipment intended as a 
field unit to correct a heat transfer condition then exist- 
ent. In a later design, the diffuser was built as the central 
element with electronic components mounted on_ both 
sides of the diffuser. This allowed packaging of the com- 
ponents by temperature level. 

Many electronic equipments in the past have been 
designed to remove heat by free convection and radiation 
from the electronic chassis. Although this is one means 
of removing heat, there is always the danger that the 
heat will be radiated or convected to another equipment 
having an even greater temperature sensitivity regard- 
ing component reliability. 

In this design, Fig. 6, consideration was given to the 
requirement that a cooling system should not only be 
able to remove the heat given off by the electronic 
equipment, but should also be capable of directing the 
removal of heat. The outer case was made of a plastics 
thermal insulating material, thus preventing heat from 
leaving by any other manner than the central diffuser. 
This, incidentally, allows the case to serve as a mounting 
base for the electronic components as well as a cover over 
the chassis. The use of the plastics cover as a component 
mounting base provided a means of saving both weight 
and volume. 

In subsequently performed tests with high-temperature 
air, about 200 F, entering the equipment, it was found 
that the air vapor system could remove 500 watts of 
dissipated heat and still emerge from the equipment at 
about 100 F bulb temperature below its inlet condition. 
Performance characteristics of this system will be the 
subject of a future NADC report. 


Conclusions 


The electronic cooling tower design described here 
has been used to demonstrate that the principles of simul- 
taneous heat and mass transfer can be employed for 
dissipating large quantities of power per unit volume 
of electronic equipment, with relatively small quantities 
of air and liquid. It is felt that the application of direct 
contact heat transfer, which permits the airborne cooling 
system to take advantage of simultaneous heat and mass 
transfer principles, has not received the widespread ac- 
ceptance it appears to merit. 

In the past, investigators have considered the cooling 
of airborne electronic equipment purely from, the view- 
point of a heat transfer problem. The results of this 
investigation indicate that the problem of cooling air- 
borne electronic equipment has a broader scope. Not 
only are the processes of momentum, mass, and heat 
transfer physically related, but quantitative relations 
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between them can be developed to deal with the cooling 
problem. 

It has been demonstrated that the energy content of 
a cooling fluid, such as air, when taking on heat which 
| has been dissipated by the electronic equipment can be 


Air-vopor out 


treated with a liquid fluid. The overall properties of the 








resultant coolant fluid can be altered so that its total 
















Plastics pressurized 
energy content will be increased by the amount of power container instead of = 
e | dissipated by the electronic equipment, but the outlet sg Y 
5 temperature of the fluid will actually be decreased below a = 
| its inlet dry-bulb temperature condition. y 
In many conventional types of cooling systems, it is 2 
found necessary to increase the surface area by means p 
| of metal fins, even though this has to be done at the ex- Cooler: COMPORGATS Sy 
4 pense of additional weight to the electronic equipment. y ra 
| Although metal fins were not used in this cooling tower aT 
re ‘ Hot components 4 re 
1 system a similar effect was achieved because the small | 
h | liquid drops of spray produced a high surface area per G 


unit volume of diffuser with little increase in weight. 
Therefore, it is concluded that the spray cooling tower 
system is an effective means of providing high heat 
transfer surface area per unit volume without any mate- 
rial increase in weight. 
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Diffuser made of metal ang 
is used for 
(1) Mounting components 
(2) Separating components 
by temperature level 
(3) To provide direct cooling 
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Commercial applications of evaporative spray cooling 
towers invariably indicate that one of the advantages of 
spray systems is the low pressure drop. Low pressure 
drop is also a primary consideration in airborne elec- 
tronic equipment since blower capacity is directly re- 


e | t . ni Fig. 6—Improved chassis design for inert carrier gas-liquid- 
ve lated to static pressure head. This condition was carefully thermal diffusion cooling system. It has been designed both 
* checked and verified. to dissipate the heat from the electronic equipment and to 
Ct With regard to the liquid spray, it has been shown  ¢mtrol the direction of heat removal. 
os that the liquid spray leaves the diffusion chamber at a 
mM temperature below its inlet condition despite the fact ; ; i 
; aes electronic types of equipment and flight conditions are 
r. that both films (bubble and liquid film over surface of : oe ; an 7 
: ; ' . still required and are considered within the domain of 
\ electronic equipment) are being heated by the hot enter- : ; ; ; ‘ ; 
os ; ; .. electronics equipment design. It is hoped that this article 
or ing air and the heat from the electronic equipment. This aa 3 ; ; . 
; ae ; will stimulate interest in further development of cooling 
nt loss in energy of the liquid water stream is accounted : 
., Te ; : equipment as discussed here. O00 
ht for by an increase in the enthalpy of the exit gas vapor 
fluid 
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unched-Tape Control 


of Cam-Milling Machine 


In the particular application described, 


master cams are cut automatically under a control system 


that includes binary coding of data and a shaft digitizer. 


Among the novel features of the basic system is the use of a single 


channel of information to generate a two-dimensional piece. 


What is a Cam? 


To a machine designer, it is a means for repetitive 
actuation of a given machine member at a specified 
acceleration. 

_ To a mathematician, it is an equation. 

To a computer engineer, it is a program stored in 
coded form in a medium such as punched cards or 
tape. 

To a tool maker, it is the shape in which a tool 
blank is to be formed on a machine tool. 

But, to the human mind, the four definitions listed 
above are only different codes in which an idea (the 
cam) becomes reality. The following article pertains 
to a technique developed by International Business 
Machines Corp. whereby the “idea cam" becomes 
reality and is transformed from one code or form to 
the other automatically, with a minimum need of 
human intervention. 


To EFFECT ECONOMIES in the preparation of high-accu- 
racy master cams, a milling-machine control system has 
been developed that operates from information stored in 
numerical form on punched tapes. The system consists 
of four major components: 1. A vertical spindle miller 
equipped with a rotary table mounted on linear slides; 
the table is longitudinally driven by a servo motor and 
a high precision lead screw. 2. A controller consisting 
of power devices and instrumentation for the servo- 
drives of the machine tool. 3. A tape reader. 4. A pro- 
gram containing, in coded form, data pertaining to the 
analytically defined outline of the cam. 

The IBM system operates essentially on the digital 
control principle, with digital instrumentation including 
a shaft digitizer and binary coding of data. Only a single 
channel of information is needed to generate a two- 
dimensioned piece. This is accomplished by storing the 
radial increments of the cam profile in the program and 
clocking their values to the independently variable angu- 
lar development of the cam blank. Another unique fea- 
ture of the design is the variable longitudinal feed 
motion: The feed rate for each position in the develop- 
ment of the cam is stored in the program. 
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Digital cam-milling machine with con- 
trol cabinets visible in the  back- 
ground. 


Front view of tape reader. 


Printing units, card feeds and other components of 
IBM accounting machines contain circular cams. These 
production cams are made on duplicating machines con- 
trolled by master cams. Object of the new system is to 
eliminate the tedious manually controlled methods used 
to produce the latter. The very nature of these methods 
is suggestive of numerical control.* The master cams are 
conventionally made on high-precision jig borers, by 
locating the blank on a rotary table and spotting discrete 
points on the contour with a cutter of accurately gaged 





®For another approach see also ‘‘Numerical Positioning Control,’ Evecrnicat 
Manuracturinc, September 1955, p. 122. 
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diameter. This leaves an outline of succession of scal- 
lops, which are later removed to achieve a periphery of 
continuous contour. 

The successor to this manual control is the automatic 
system shown in block form in Fig. 1. The equipment 
used at the machine tool proper is represented below the 
dash and dot line. It includes the tape reader, electrical 
controller, and the milling machine itself. The miller is 
a vertical spindle type, equipped with a rotary table 
mounted on a longitudinal table that is capable of being 
moved in and out with respect to the milling cutter. An 
adjustable-speed motor drives the rotating table at con- 
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Shaft digitizer 
for feedback 
Power 


Fig. 1—Block diagram of digital cam miller. Dot-dash line 
separates portion of equipment directly associated with ma- 
chine tool from that which may be remotely located. 


stant speed. The longitudinal table is also fed by an 
adjustable-speed motor and is advanced and withdrawn 
in response to signals originating from the punched tape. 


By rotating the upper table at constant speed and by 


moving the longitudinal table in and out against the 


milling cutter, a cam blank affixed to the upper table 
will be shaped as desired. 
In the lower right section of Fig. 1. 


rotary table in- 
dexing cams are shown. 


They advance the tape reader 
step-by-step, corresponding to fixed angular increments 
of the rotary table. Thus, data pertaining to the radius 
of the cam are fed to the system automatically as a func- 
tion of the angle to which the table has rotated. The 
part of the block diagram above the dot-dash line per- 
tains to equipment and activities which are separate from 
the machine tool. In the upper left corner of the illus- 
tration a cam is represented symbolically by an equation. 
The computer solves the equation, finding the values of 
R corresponding to values of 6 from 0 to 360 deg. These 


116 


Alternate method 
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Pulses to advance tape 
reader-one pulse per 






Rotary-table 
indexing coms 


Longitudinal feed 
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values are punched into IBM 
cards. The information is then 
transferred from cards to 
punched paper tape by means 
of an automatic tape punch. 

An alternate method is shown 
in the upper right corner of 
Fig 1. It is used when a draw. 
ing of the cam is available and 
a low order accuracy is in- 
volved. Values of R and 6 are 
then read from the drawing, 
typed in table form and key- 
punched into cards. In both 
cases, the result is a punched 
tape. All these activities are 
separate from the machine tool, 
and are carried on by the cleri- 
cal personnel in an office where 
a computer and_ tabulating 
equipment are located. 

Computing Cam Profiles. 
The profiles of the cams are 
initially defined by equations 
(usually 7th or 8th order poly 
nomials, cycloids and harmon- 
ics) and transformed into polar 
coordinates for a series of 
points on the cam _ periphery 
which are located on equally 
spaced radii. The use of a polar 
rather than a rectangular co- 
ordinate system was chosen for 
the following reasons: 


} Rotary table ] 


It is tailored to the logi- 
cal method of cutting the cam. 


2—It provides less burden on 
the computer. 


3—It simplifies the presenta- 
tion of data to the machine tool 
operator. 


1—It makes computation of dwells, which occur fre- 
quently in cams, very simple. Dwells are obtained by 
making the motion of the longitudinal table equal to 
zero. 

The number and angular spacing of described _peri- 
pheral points are determined by the accuracy desired; 
that is, by the permissible deviation of the machined 
periphery from the desired periphery. The radii com- 
puted are not those of the actual periphery of the com- 
pleted cam, but a series of distances between the center 
of the cam and the center of the positions of the cam 
follower when the cam is in use. As a milling cutter 
is used whose diameter is equal to the cam follower, the 
radii chosen also equal the distances between cutter 
center and cam center. 

Almost all disk cam-follower systems can be classified 
as either a radial or a swinging follower system. Figs. 
2A and 3A illustrate the types of motion and constraints 
imposed upon the followers of the two systems as the 
cam is rotated through angle 6. Fig. 2A shows that the 
follower moves in a radial line, while Fig. 3A shows that 
the swinging follower moves in a circular are about the 
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follower-link pivot point. For clarity, Figs. 2B and 3B 
are drawn with the cam fixed and the follower rotated 
through the angle @. 

The motion of the point of interest controlled by the 
cam is usually a time-dependent quantity. If the cam 
turns at a constant angular velocity, the motion of the 
point can be explicitly defined as a function of cam 
angle 6: 


£W = f (6) 
Knowing the position of the point of interest, the follower 
center location can be computed to define the cam radius 


oh. 
2 


Com surface (Cs) Ro 
“WK | | 





Cam center (CC) cc 

(A) (B) 
Fig. 2—Sketches illustrate the geometry of a radial cam 
follower. 


for all values of 6. Further discussion will assume that 
for both systems, the point of interest is the follower 
center, and its desired motion is defined by 

R=R,+f(@ = R. +f (R60) 

To cut a cam with fewest computations per cut for all 
systems, it is possible to build the entire cam system, re- 
place the follower with a cutter of the same size, rotate 
the cam blank through a cam angle @ and feed the point 
of interest to its proper location for the 6 selected. This 
type of procedure is frequently employed when cutting 
complimentary cams, but it would be economically im- 
practical to build an entire cutting system for every 
master and model cam produced. 

For obvious reasons, the cutting scheme universally 
adapted is such that the cutter moves along a radial line 
duplicating exactly the radial follower cam system. Cor- 
rection must be made to compensate for the fact that the 
actual follower may not move in a radial line. 

From the geometry depicted in Fig. 4, it can be shown 
that for a given R at any cam angle @, there exists an 
angle @ defined by the equation 


R+C-P R+C’-—BP 
o = 6+ cos? |\—— — cos) | ————_—_—__ 
2RC 2R,C 
R= R. +f(k ) 
R, = Radius at 6 = O 


or 


where 


which will permit the use of a radially moving cutter. 
The angle § = (8-8,) is the correction angle through 
which a cam blank must be turned from its timing angle @ 
when the blank is being cut with a radial cutter to correct 
for the nonradial motion of the follower. 

In manually directed cam-cutting methods, each cut is 
an independent operation which permits computing radius 
and corrected cam angle ¢ at any specified values of the 
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Fig. 3—Swinging cam follower describes this type of motion. 
variable 6. Computed tabulations of cutting (corrected 
cam) angle ¢ and associated radius are usually listed 
by constant increments of the timing (cam) angle 6. Since 
each cut necessitates index table and cutter settings which 
are completely independent of previous points, the listing 
may have any order at all. 


The system of equations which must be solved for each 
value of @ is: 


R=R,+f (K 8) (1) 
RP+cC-eP G2 0 2 
5 = Cov ( . —) — Cos (- - —) (2) 
2 RC 2R.C 
o=6+65 (3) 


Since @ is known, the above require simple formula evalu- 
ation techniques because all equations are explicitly de- 
finable in terms of 6. 

When controlling the automatic cam milling machine 
it is necessary to take into consideration the fact that 
the index table rotates through a constant angle per unit 
time. Another consideration is the fact that the radial 
motion of the cutting tool is specified with respect to its 
previous position. This makes mandatory two computa- 
tional specifications: 

1—The radius must be evaluated at constant intervals, 
not of cam angle 6 but of corrected cutting angle ¢. 

2—Changes in radius must be specified between suc- 
cessive values of ¢. Each cut is not directly dependent 
upon the previous position of the cutter. 

To compute the positions necessary, the following 
system of equations must be solved: 


R=R,+f (K 6) (4) 
R+iC@—P R2+C—-—P 
& = Cos (-——) — Cos (-—) (5) 
2RC 2R,C 

¢=60+6 (6) 
AR, = R, — R,-1 (7) 
on = dn-l + Ad (8) 
A@ = constant (9) 


Fig. 4—Geometric repre- 
sentation of the use of 
a radial cutter to cut a 
swinging - cam - follower 
surface. 
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Fig. 5 


where ©, is the present value of the corrected cam angle 
desired. 

Once the present value of ¢, is determined from Eq. 8. 
where A@ is a constant, Eq. 6 must be solved from 6. 
It is impossible to solve for 6 explicitly. The method fol- 
lowed is to guess judiciously at a value of 6 and solve 
for R. Knowing R, Eq. 5 can be evaluated for 8. The sum 
of @ and 8 is then compared to the value of 4, defined by 
Eq. 8. If this sum does not satisfy the condition that 

[?rn —9+ 5] <e (10) 
where e is some small positive quantity, another value of 
@ is selected and the process repeated until Inequality 10 
is satisfied. 

The IBM Type 650 Magnetic-Drum Data-Processing 
Machine was programmed to solve the problem specified 
by Eqs. 4 through 9. Answer cards contain, among other 
information, the change in radius during change in 9. 
This information is punched into tape, which, in turn, 
controls the cam-milling machine cutter. 

The instructions which are computed depend upon pro- 
ducing a cam during one revolution of the rotating table. 
In describing the movement of the cutter involved in 
advancing its positions from one point to another, two 
parameters are used. First, the difference in length of 
radii is stated in terms of increments of specified length, 
to which they are equivalent. As designed, this increment 
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Single- threaded 
worm 










Seif-releasing 
handwheel 


Gearing and transmissions employed in drives for rotary table, longitudinal motion and lower slide of milling machine 


is standardized at 0.0004 in. The second parameter is 
the rate at which the cutter will be advanced or withdrawn 
during the period the work piece is rotated from the 
first radius to the second. This rate is described as a 
fraction of the maximum speed of the longitudinal drive 
motor. It will be seen that the motion produced in the 
milling cutter as a resultant of concurrent radial and axial 
motions is a series of Archimedean spirals defined by 
the formula R, Rog ta @. 

It should be noted that it is the variation in radius 
(AR = R, R,,) from step to step and not the absolute 
value of R which is coded in the program: also that the 
values of AR are coded in digital form as mutiples of a 
given unit increment. The value of the unit increments 
may vary if the geometry of the system should require 
it; but this would not affect the method of storing informa- 
tion in the program. 

Incremental values smaller than 0.0004 in. are neither 
lost nor rounded off. (which would cause cumulative 
errors) but are accumulated in the computer until an 
amount equal to 0.0004 in. is obtained. At this point, an 
additional unit increment is stored in the program. The 
remainder, or spill-over is accumulated the same way. 

Machine Tool, The machine tool used in this system 
was built, except for the electrical controls, by the Cin- 
cinnati Milling Machine Co. In essence, it is a vertical 
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Fig. 6—Schematic diagram shows power feed to various elements of the system. 


miller on which there is a rotary table instead of the usual 
cross slide. A welded steel frame, completely stress re- 
lieved, was used in the construction of the miller. 

A feature of major importance in which the machine 
differs from others designed for similar purposes is the 
extremely high precision drive units with anti-backlash 
features. This permits the drive members to be used as 
instrumentation apparatus and avoids the necessity of 
employing additional gaging apparatus parallel to the 
drive mechanisms. 

All worm gear reductions have a tapered worm and a 
split worm gear. The two sections of the worm gear are 
rotated by 6 or 12 eccentric pins. The adjustment of the 
tapered worm plus the split worm gear will allow adjust- 
ment for zero backlash. The spur and bevel gears are all 
hardened, ground and lapped with the mating gear. The 
center distances of the gears can be adjusted for zero 
backlash without causing excessive wear because of the 
low speeds involved. Each gear box is sealed and per- 
manently lubricated. Gearing and transmissions are shown 
schematically in Fig. 5. 

Movable elements of the machine tool consists of: 

1—A lower, rapid traverse table. 

2—An upper, longitudinal feed table. 

3—A rotary work table affixed to the longitudinal table. 

4—The spindle and spindle drive. 
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The rotary table is 16 in. in diam and is driven by a 
zero backlash transmission. Cams with a maximum di- 
ameter of 16 in. can be machined and still maintain an 
accuracy of + 0.0002 in. 

The longitudinal table is fed by a 144 in. Saginaw 
ball-bearing type lead screw. A double nut pre-loads the 
bearings so that backlash at reversal is less than 0.0001 
in. The table is mounted on ball-bearing ways; 25 bear- 
ings on each side are retained in a cage and preloaded at 
50 lb. The ways are hardened and ground steel, shaped 
with a formed tool for maximum surface contact. 

The maximum feed rate of the longitudinal drive is 
0.108 in. per min and the minimum is 0.012 in. for 
angular increments of 2 sec duration. The lower, rapid 
traverse table is used to move the rotary table and longi- 
tudinal table away from or into the working area as the 
case may be. The feed rate of the lower rapid traverse 
table is 155 in. per min. Cutter spindle is driven by a 
114-hp, two-speed motor through a pulley drive at speeds 
from 225 to 4000 rpm. 

The control system is so designed that by means of a 
selector switch, the operator may choose: 

A—Fully automatic operation from stored data. 

B—Hand operation, using pushbutton or handwheels. 

C—Gaging. 

For automatic control, the operatcr moves the lower 
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Fig. 7 
mum 


Arrangement of transducer for pulse generation. Maxi- 
pulsing speed is 24 rpm for 20 pulses per second. 


slide into the working position; sets the rotary table and 
longitudinal table at the start of the lead-in; feeds the 
tape into the tape reader to read the first increment: 
turns on the spindle and coolant pump motors; and 
presses the program-start button. A system of indicator 
lights clearly shows the performance of each motion 
directed by the stored data. The self-checking redundancy 
system stops the machine in the event of faulty reading 
of the tape. Thus, the operator may be sure that proper 
sequence is followed. 

Handwheels are provided for manual operation of the 
lower, longitudinal and rotary tables respectively. These 
handwheels are the self-disengaging type. When each 
handwheel is engaged, it also actuates a precision limit 
switch. The longitudinal and rotary table handwheel 
switches disconnect the power clutches in the associated 
drives. The lower table handwheel switch disconnects the 
power drive clutch and actuates the hand drive clutch. 
However, during automatic control these switches are 
electrically inoperative. The longitudinal and lower tables 
are provided with overtravel limit switches. 

A precision stop switch is mounted on the left end of the 
machine base, and when actuated, signals that the lower 
table is in proper cutting position. This switch is actuated 
by a large micrometer which is attached to the left end 
of the lower table. The micrometer is graduated in thou- 
sandths of an inch, with a vernier permitting settings of 
one ten-thousandths of an inch. 

The rotary table handwheel dial indicates the angular 
position of the rotary table in increments of 1 min. The 
handwheel dial for the longitudinal table is graduated in 
increments of 0.0001 in. The lower and _ longitudinal 
tables also have dial indicators to aid in accurate position- 
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ing. By varying the settings of the lower table and the 
longitudinal table, an accurate positioning of the cam 
blank can be achieved. 

Power System. The power system is shown in Fig. 6. 
The input is 220-volt, 3-phase, 60-cycle alternating cur- 
rent. Three of the motors operate across the line through 
conventional magnetic controls. They are the spindle 
motor, which is two speed, 14 to 1 hp; the coolant pump 
motor; and the lower table traversing motor, which is 
reversing and rated 34 hp. The rotary-table motor is 
controlled by a full-wave electronic adjustable-speed drive 
(Thymotrol) arranged for armature and field control. 
The tape reader motor is 14 hp, 110 volt single phase. A 
selenium power rectifier supplies 46 d-c volts for the tape 
reader and control circuits. The 110-volt a-c control volt- 
age is obtained through an isolation transformer. 

Longitudinal Feed Drive. The longitudinal drive 
system is also shown in Fig. 6. The motive power is a 
\4-hp d-c reversing motor fed by a General Electric ampli- 
dyne and containing an integral concentric-shaft plane 
tary-gear reducer. The controls of the drive motor are 
described in the section on tape reader and controls. The 
drive shaft of the motor is connected through a 12.5-to-] 
reduction gear to a 114-in. diam feed screw. The feed 
screw drives the longitudinal table 1 in. for each 4 revolu- 
tions. The overall reduction between motor shaft and feed 
screw is 718.75 to 1. As 1 in. of table travel requires 4 
revolutions of the lead screw, 0.0016 revolution (0 deg. 
34 min, 33 sec) will move the table 0.0004 in. Thus. 
taking into account the overall gear reduction, 718.75 x 
0.0016 = 1.15 revolutions of the motor armature will 
move the table 0.0004 in. The maximum number of in- 
crements per step has been selected arbitrarily at 9. 
which means that the maximum value of radial motion 
per angular increment of the cam is 0.0004 in. x 9 
0.0036 in. 

Some cams to be produced by this machine have slopes 
as great as 0.035 in. change in radius per degree. There- 
fore, it may be program the 
14, deg intervals, which corresponds to a change of 
radius of 0.0576 in. per deg at the machine. The machine 
is programmable at 44, 44, %4, 4% and 1 deg. The max- 
imum slope of the cam determines the value of radial in- 
crements at which the system is programmed. It will be 
noted that the motor stops in about 0.03 sec, from a speed 
of 375 rpm. This speed corresponds to maximum feed 
under tape control. The abrupt stop is the feature required 
to avoid overtravel, which would generate a dent in the 
cam periphery. 

Electromagnetic Transducer, A square-toothed gear 
wheel is mounted on the output shaft of the motor gear 
box. It rotates 12.5 times per turn of the feed screw. 
There are 50 teeth on the gear wheel, or one tooth in each 
7.2 deg segment of the shaft. Approximate distance be- 
tween crests of adjacent teeth is 34 in. Through the gear 
reduction, this means that one tooth of the gear wheel 
will pass a given point for each 0 deg, 34 min, 33 sec 
rotation of the lead screw, which is the amount of rota- 
tion of the screw required to move the table 0.0004 in. 
In other words, one tooth of the gear wheel equals, 0.0004 
in. at the table. 

The square-tooth gear is utilized as a digitizer to pro- 
vide feedback data for control. Two electromagnetic 
transducers are mounted in fixed positions adjacent to 
the gear wheel and out of phase with each other. These 


necessary to cams for 
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Fig. 8—Pulse generating circuit. 
When peak value of 15 volts 
appears at the output coil, the 
grid voltage is raised sufficient- 
ly for the thyratrons to fire. 





Transducer : 


are illustrated in Fig. 7. The supporting shoe is made of 
brass; the cores of the electromagnets are solid AISI 1010 
steel annealed to No. 4 temper. When a signal directing a 
forward movement is transmitted from the tape reader, 
one magnetic pickup is sensitized; when a_ reversed 
motion directive is received, the other pickup is sensitized. 
Each time a square tooth passes under a sensitized mag: 
netic pickup, a pulse is produced. 

For an explanation of the necessity for two transducers 
refer to Fig. 7. Assume that a forward motion has just 
been executed. The toothed wheel comes to rest in a posi- 
tion in which the last tooth sensed is immediately past the 
forward transducer. Assume now that a reverse command 
is received. The wheel will rotate in the reverse direction. 
The last tooth sensed in the forward motion will immedi- 
ately pass the forward magnetic pickup. If only the forward 
pickup were used, a pulse would be transmitted immedi- 
ately upon change to a reverse rotation. This would falsify 
the feedback data by one increment. The magnetic trans- 
ducer is so placed, that after a completed forward incre- 
ment, a gap, rather than a tooth, will have just passed the 
reverse pickup. On receipt of a reverse instruction, the 
reverse pickup will become sensitized, but a pulse will not 
be transmitted until a full reverse increment of motion has 
occurred. This transmits true feedback data at reversal. 
rather than data | digit in error. 

One of the two magnetic pickup devices can be seen in 
the circuit of Fig. 8. The two pickups are identical. In 
operation, 45-volt, 60-cycle power is fed to the primary 
coil. This produces a corresponding 60-cycle voltage in 
the secondary. As a tooth approaches a pickup, the cou- 
pling becomes closer and the output voltage increases in 
amplitude. As the tooth passes, the coupling becomes 
looser and the amplitude of the output diminishes. Thus, 
a pulse is produced each time a tooth, indicating one in- 
crement, passes a magnetic pickup. 

The output of the pickup secondary winding is applied 
to the grids of the two thyratrons T, and T,, across a 2- 
megohm, center-tapped resistor. The center tap of the 
resistor is connected to an adjustable, d-c supply derived 
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isolation 
transformer 


from the filament transformer. Through this, an appro 
priate negative bias is maintained on the thyratron grids. 

A peak value of about 15 volts appears at the output 
coil with an air gap of 0.005 in. This raises the grid 
voltage and allows the thyratrons to fire. As the tooth 
moves away, output voltage drops to about 5 volts and the 
thyratrons are blocked. 

The plates are connected to a center-tapped anode 
transformer with 230/115 secondary. Thus, a full-wave 
current is fed to the load. The load is constituted by the 
coil of the advance forward counter (AF). The maximum 
speed which the counter can accept is about 20-22 pulses 
per sec. This is equivalent to saying that 20-22 digits per 
sec are generated by the digitizer, which corresponds to 
a feed-rate equal to about 1% in. per min; (20x0.0004 in.). 
a value higher than the machine requires. The maximum 
possible number of pulses per second varies directly with 
the narrowness of the air gap between the pick-up and the 
teeth. There are shields between the primary and second- 
ary windings of the pickup (see Fig. 7) which also serve 
as shunts for the magnetic path when they are in register 
with the teeth, thereby causing a sharp drop-off in second- 
ary voltage. Referred to the longitudinal motion, the error 
band is equal to 0.000038 in. per tooth spacing of the 
square-tooth gear. It is not a repetitive error because the 
distance between successive teeth is always equal to one 
unit increment at the machine. 

Rotary Table Drive. The rotary table is driven by 
an adjustable-speed motor, controlled by a General Elec- 
tric 144-hp Thymotrol. The adjustable-speed drive is for 
the purpose of providing approximately equal tangential 
milling feeds during cutting of different sized cams and 
also for hand steering. 

A camshaft is geared to the rotary-table drive. Cams 
are mounted on the shaft in such a way that a lobe trips 
a switch (CA), signalling completion of one angular in- 
crement of rotation. A second lobe trips a switch (CB) 
one-half increment out of phase for resetting the tape 
reader. CA controls advance of the tape reader and read- 
ing of a new number. CB acts as the reset for the tape 
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CARD PUNCH TABLE PULSES TAPE REOUNDANCY 
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e —NOTES— 
were 1. A"“O"is punched in Col. 27 of the 
Reverse cords for O to9 increments 
I-1/2 deg. Progrom 2 With the O° increments,an For R 
is also punched. 
Check 
3. The alarm isa self-checking redund- 
Drive Holes 6 ant circuit. It is punched at I-2-4-7-8 
4 | Binary binary digits in the tape 
2 | Storage 





aw = e:.@ ¢ 8.9 0 


NUMBER OF INCREMENTS 


Fig. 9—Sketch of tape and accompanying table explains the code used in impressing digital information onto the tape. 


reader and prevents reading of another column from the 
tape until the increment of motion has occurred. Five dif- 


Hole Sensing Pins ferent cam systems are included, one each for rotation in- 


I No.8 fF I ccrward crements of 1, 14, 4, 4, and Ye deg. 
ee (R) ae Tape Reader and Contol Circuits. Except for the 
O a a O vers ~ “ > 
| —t— No.6 | v2 deg selection of the rotary feed and spindle speed, all variables 
is program involved in the shaping of the cam are controlled from 
, sites (ck) Check punched tape. The tape is prepared on a_ high-speed 
Y p fet (B8) . punch from punched cards, which in turn are prepared on 
: No.3 (84) Dining a digital computer. 
' ° . . 
, No.2 (82) 1 ( relays The tape reader includes a single-revolution clutch. 
No. | © This, when energized, advances the tape one column. 
- O Y r . 
Thus, by metering pulses to the clutch, the rate of advance 
=f , 010) ] of the tape can be controlled. Pulses for this are generated 
<< (0s) at the rotary table. Thus, the rotary-table speed determines 
* ote 
C . (os) > the tape feed. 
4 O (07) 4 The tape is the standard IBM eight-channel type, Fig. 
Qe si (06) } 9. Four channels are devoted to binary numbers directing 
pg 62 ; (5) 1 decimal both the number of increments per step and the feed rate. 
BI relays Two more channels are used to direct “forward,” or “re- 
e J * ss . . . 
6+ 584 (04) verse” feed direction. One channel is used for a redundant 
eee (03) y self-checking alarm circuit and one channel is reserved 
OG o (02) Y for operations to be developed later. The information is | 
O-- B2 ; See ne a : i 
° 0 (01) stored in the tape in binary form. It is converted to deci- 
“esi (00) J mal form by the circuits shown in Fig. 10. 
A complete block of information is, therefore, con- | 
42 d-c volts tained in a single column of the tape. The tape advances’ | 


stepwise, one column at a time. When the rotary table is 

indexed from any given position to the next, a signal is 

given to energize the single-revolution clutch in the tape 
Fig. 10—Decimal-to-binary coding circuit. The information is reader. Reading takes place simultaneously for all eight 
stored on the tape in binary form and converted to decimal channels in the tape and no buffer storage is required. 
form by the circuits shown above. For a detailed description of the tape-reader circuits, 
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refer to Fig. 11. The cam-operated switch CA closes once 
per chosen angular increment of movement of the rotary 
table. As it does so, it activates the clutch controlling the 
tape reader. Shortly after the clutch is activated, cam 
switch C4 is activated, energizing the tape-reader control 
magnet. The magnet prepares the reader for sensing holes. 
C2, following the control-magnet cam by 15 deg, causes 
the holes to be read. C3 following C4 by 40 deg. activates 
hold relay S. Relay S has a normally closed contact in 
series with both the control magnet and the clutch. There- 
fore, when S is activated, the clutch and control magnet 
are disengaged. Relay S continues to hold through the 
action of one of its own contacts until the hold circuit is 
interrupted by the action of rest cam CB. 

The simplified control circuits are shown in Fig. 12. 
\ssume that three forward increments are coded in the 
tape. When the cam in the tape reader senses the holes, 
the forward relay is energized through its holding contact. 
Incremental relay 3 closes contact 3 in the counter emitter 
circuit. It also selects a 30 per cent feed rate in the control 
circuit to the longitudinal motor. 

The transducer generates pulses to advance contacts 
through coil A. When the table has advanced 3 increments, 
a coincidence circuit closes in the counter circuit and the 
stop relay is energized. 

Position Feed-Back and Coincidence Circuit. Fig. 
13 shows in schematic form the interlocks for the coin- 
cidence circuit which constitutes the position feed-back 
system. Assume that the counter has been reset and is 
ready to accept a block of information. The emitter is on 
zero so that relay SRF is energized. Contacts SRF-1 close 
and a hole in the tape will allow the forward relay to 
become energized and remain energized through its 
holding contact F-1. It is clear that this will not happen 
if the counter has not reset to zero after the instructions 
of the previous command have been executed: this would 
be a fault. In such an event, when the hole is sensed in 
the tape, contacts SRF-2 (which are normally closed) 
will close a circuit to relay TPF which remains energized 
through its holding contact TPF-1. 

Contacts TPF-2 then open, thus stopping the rotary 
table and the cycle cannot proceed. The faulty situation 
described above occurs if the longitudinal motion is too 
slow and stop forward relay STF does not become ener- 
gized. In this event, contacts STF-1 do not close and the 
counter coil does not receive the resetting pulses. 

Resetting pulses to the counter are obtained through a 
half-wave rectifier connected to line frequency so that the 
counter resets at a speed of 60 pulses per sec. The number 
of resetting pulses for each instruction in the nines 
complement of the number accumulated in the counter 
by action of pulses generated by the transducers. This 
number coincides with the data stored in the tape. 

The counter emitter stops on zero after reviewing the 
resetting pulses through contacts C-/C in the counter 
itself. These contacts are normally closed, but open auto- 
matically after emitter has passed position 9 until posi- 
tion 0. Contacts C-1C are in the resetting circuit. 

In normal operation, the coincidence circuit of the 
emitter energizes the stop forward relay STF which 
remains energized through its holding contacts STF-2. 
Normally closed contacts STF-3 open the circuit to the 
add coil, while contacts STF-1 reset the counter as ex- 
plained above. Another set of normally closed contacts 
STF-4 de-energizes the forward relay F; contacts F-2 
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Fig. 11—Tape reader circuit. Cam-operated switch CA closes 


once per increment of the rotary table. By this means, the 
clutch controlling the tape reader is activated. 
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Fig. 12—Simplified control diagram for cam-miller longitudinal- 
motor drive. 
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C2 (Tape reader) 
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10 a-c volts 
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Fig. 13—Simplified position-feedback and coincidence circuit. 
Forward relay cannot be energized unless counter has reset 
to zero after the instructions of the previous command have 
been executed. 


close so that the system automatically resets after execu- 
tion of each set of instructions. 

In the other possible faulty operation, the counter 
accumulates a number of increments higher than that 
specified by the tape. This would occur only if relay 
STF failed to operate. Should this occur, the emitter 
would not be on zero when the next command was re- 
ceived. As a result, relay 7PF will energize when the next 
instructions are received in the same manner as ex- 
plained before. 

Redundancy Circuit. The redundancy circuit is 
shown in Fig. 14. The purpose of the redundancy circuit 
is to verify correct sensing of all holes in the tape. 
Whenever the number of holes punched in a given column 
is even, a hole is punched in the redundancy check 
position. Thus, the total number of holes punched in a 
given column will always be odd. A study of the relay 
arrangements in Fig. 14 will show that if an odd number 
of relays is energized (indicating that an odd number of 
holes has been sensed), no continuity will exist through 
the alarm relay to the 40-volt d-c line. If an even num- 
ber of holes is sensed, the circuit through the alarm relay 
will be closed, the alarm will operate, and the circuit to 
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the rotary table drive will be opened, stopping all motion 
of the tables. This will occur only if a hole is not sensed. 
Thus, a single error detecting system is provided. 

Automatic Gaging. When circular master cams are 
made from tabulated data, the gaging of the dimensions 
of the piece is usually done either with a dial indicator 
and a high accuracy rotary table, or on an optical com. 
parator. Both methods have the inherent weakness of a 
manual process; they are slow and wholly dependent upon 
human factors. 

The system described is capable of operation as an 
automatic gaging tool. As such, it has the following 
features: 

1—Gaging digitally without instruments, which are 

analog devices. A direct comparison of data in digital 

form (such as radial increments) between the piece 
and corresponding tabulated values. 

2—A record, step by step (e.g., every degree) of the 

result is automatically typed or punched in a form 

suitable to the particular application. 

3—It is automatic and is, therefore, much faster and 

more reliable than a hand method. 

In brief, the gaging system operates as follows: The 
milling machine and all of the control equipment used 
in the milling operation are required 
of the tape reader. 
with its associated electronic amplifier and an electro- 


with the exception 
In addition to the above, a stylus 


magnetic typewriter (or equivalent device) are required. 

The stylus and its tracer head is the signal input to the 
Amplidyne generator operating as a null-seeking servo 
for constant stylus deflection. Devices of this kind have 
been used for the last few years on tracer controlled 
duplicators for machine tools.* The stylus is fastened on 
the spindle head and the cam to be gaged is affixed to the 
rotary table, then moved into contact with the stylus. The 
diameter of the stylus must be the same as that of the cam 
follower, which is, in turn, equal to the size of the milling 
cutter. 

For a gaging operation the cam rotates with the rotary 
table. The varying radii of the cam exert a positive or 
negative pressure against the stylus, thus deflecting it 
from its null position. The voltage signals generated by 


*See “Contouring Machine With Tracer Control,’’ ExecrricaL MANUFACTURING, 
July 1955 and “Electronic Pantograph in Contouring Machine,”’ Evectricat 
MANUFACTURING, February 1955. 


Fig. 14—Diagram of redundancy circuit. If an even number 
of holes is sensed, an alarm is given. If an odd number is read, 
no alarm results. 
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Fig. 15—Digital gaging system. 
responding computer data. 


the stylus are amplified and fed to the amplidyne control 
to operate the longitudinal feed motor of the milling 
machine. The table of the machine tool is, therefore. 
advanced or retracted in direct relation to the rises and 
falls of the cam. As the table moves, pulses are generated 
by the transducer and accumulated in counters, just as 
when the machine is tape controlled. As the rotary table 
advances, pulses generated by the indexing cams are 
also accumulated in counters. 

Automatic digital gaging is accomplished as follows: 
Assume, for simplicity, that from a given position the 
table is advanced 1 deg. A single unit is stored in the 
counters for the rotary table. Assume that during this 
segment of arc, the cam has a rise equal to 0.002 in.., 
which is equal to five longitudinal increments of 0.0004 
in. each. Five digits are entered in the reverse counter. 
The counter emitters are connected in a circuit with the 
magnets of an electromagnetic typewriter. When the 
“gage” command is received, the position of the emitter 
determines which magnet in the typewriter becomes ener- 
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Digital displacements on the X-X axis are 


"Gage" 


co 
Commands for 
automatic gaging 


Speed signals determined by 
deflection of stylus 


Power 


accumulated in counters for comparison with cor- 


gized. This, of course, selects the character being typed. 
The counters are next reset to zero and are ready to 
store another block of data. 

The system together with a typical tabulation is shown 
in block form in Fig. 15. It should be noted that the 
circuitry is not quite as simple as it may appear and it is 
omitted for brevity. For the same reason, a visual auto- 
matic gaging method is not included in this discussion. 


Acknowledgements 


The following IBM personnel have participated in the 
development and construction of the Digital Cam Miller and 
their contribution is acknowledged: H. W. Brainard, A. W. 
Camp, T. J. Carlton, J. A. Krowiak, N. MacDonald, Jr. of 
the Manufacturing Research Department in Endicott, N. Y.; 
also M. Kleomok and B. M. Tostanoski of the Scientific 
Computation Laboratory, Endicott. The cooperation of 
engineers of the General Electric Company and the Cin- 
cinnati Milling Machine Company is also gratefully acknowl- 
edged. 


125 








JOHN F. X. MANNIX* 

The Electronics Parts and Materials Branch 
Components Division 

SicnaL Corps ENGINEERING LABORATORIES 
Fort Monmouth, New Jersey 


Quality-Type Components 


for Printed Wiring 


Transmission of mechanical stress is avoided in components designed 


for easy insertion into printed circuit boards. 


Although primarily intended for military equipment, new component 


designs are adaptable to home and commercial products. 


THE AUTO-SEMBLY SYSTEM, based upon the use of con- 
ventional components being assembled on a prefabricated 
conductor pattern and soldered to the printed pattern by 
a dip operation, has had wide-spread acceptance and 
increased application in new equipment developments, 
both commercial and military. A unit made by the Auto- 
Sembly system is shown in Fig. 1. In the early stages of 
development, engineers concerned with components real- 
ized that application to military equipments would be 





Fig. 1 — Experimental 
i-f package using print- 
ed wiring and throw- 
away stages. 
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facilitated if high quality electromechanical components 
specifically adapted to this system were available. A 
survey indicated that some conventional components could 
be modified to obtain the desired design. In general, how- 
ever, new designs, particularly from the mechanical 
standpoint, were required. 

In anticipation of this need, the Signal Corps initiated 
a program with P. R. Mallory & Co., Indianapolis. to 
develop a family of electromechanical components suit- 
able for use in the Auto-Sembly system. These compo- 
nents were designed to withstand the severe shock, vibra- 
tion, climatic and high reliability conditions faced by 
Signal Corps equipments. While these items were de- 
veloped primarily for military applications, by fabricating 
them of lower performance materials they can be used 
economically in commercial and home entertainment elec- 
This family of components is divided 
into groups as follows: Miniature sockets, subminiature 
sockets, plugs, receptacles and switches. 

Miniature Sockets. Components used in the Auto- 
Sembly system should preferably have relatively firm. 
fixed terminations to facilitate insertion, either manual or 
automatic, of the leads into the perforations in the printed 
circuit board. Miniature tube socket contacts are designed 
with a condition known as “float” (movement within the 
cavity walls of the socket) to accept the tolerances in the 
pin dimensions and locations. To provide this float, con- 
tact soldering tabs on conventional sockets for hand 
wiring have a looseness in the socket body. This looseness 
makes it difficult to insert the tabs into the holes in the 
circuit board. Excessive tolerance in circuit-board hole 
diameters is required to accommodate the variations 


tronic products. 


*Now at West Coast Office, Signal Corps Engineering Laboratories, Pasadena, 
Calif. 
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Fig. 2 — Outline drawing 
of vertical miniature tube 
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unless a careful manual adjustment is performed on each 
tab. Dip-soldering these tabs in these oversize perfora- 
tions is difficult unless the tabs are bent over on the termi- 
nal area. Also, the transmission of tube insertion forces 
to the printed circuitry is undesirable and such trans- 
mission should be limited as much as possible in sockets 
designed for printed circuits. This indicated the need 
for miniature sockets of new design for printed wiring 
applications. 









tabs Fig. 3 — Outline drawing of right-angle 
miniature tube socket for printed wiring. 
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Both vertical and right-angle (for tubes mounted par- 
allel to the chassis) 7-contact miniature tube sockets were 
developed taking the above “float” requirement into con- 
sideration. These right-angle sockets were the first avail- 
able for connecting electron tubes parallel to a printed 
chassis. Figures 2 and 3 show outline drawings and 
printed circuit layouts for the vertical and right-angle 
miniature sockets respectively. These sockets can be used 
to retain various types of plug-in components and are 


Fig. 4—Mounted and unmounted miniature sockets, both 
vertical and right-angle. Tube shields are also shown. 
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Fig. 5—Vertical and right-angle sock- 
ets for subminiature flat-press tubes. 


illustrated in Fig. 4. The contacts will receive and 
operate satisfactorily with pins having a nominal diam- 
eter of from 0.040 to 0.050 in. 

These sockets are designed to meet the materials and 
performance requirements of Specification JAN-S-28A. 
“Sockets, Electron Tube. and Accessories.” Insulator 
bodies are molded of mica-filled phenolic, contacts are 
silver-plated beryllium copper and base shields are of 
nickel-plated brass. Base shields are designed so that the 
three sizes of standard JAN electron tube shields can be 
used with the sockets. The stiff protruding solder tabs 
are dropped into the prepunched phenolic chassis. The 
tabs of both sockets are designed so that connections can 
be made to printed patterns located on both the top and 
bottom of the chassis. A 1-in. printed line can be run 
between the tabs to allow for ease in circuit layout. 

As the need arises, 9-contact miniature (noval) ver- 
sions of these sockets can be designed incorporating the 
same basic features of the newly developed items. 

Subminiature Sockets. Subminiature tubes may be 
connected to the printed circuit by inserting their leads 
through the chassis and soldering to the printed circuit 
terminations. When frequent replacement of tubes is 
necessary, soldering is inconvenient and sockets are desir- 
able. Circuit layout and restrictions in height above the 
chassis some times necessitates the use of right-angle 
mounted subminiature socket. 

Tests have shown that a certain amount of improvement 
was necessary before any of the commercially available 
printed-circuit-type subminiature sockets would be capa 
ble of satisfactory performance when subjected to the 
adverse climatic conditions encountered by military 
equipments. It was also found that since these devices 
were designed primarily for commercial applications, their 
contacts did not have the ruggedness or high reliability 
required for military use. 

Improved subminiature tube sockets (both right-angle 
for 8-pin button base tubes and vertical and right-angle 
sockets for 7-pin flat-press type tubes ) have been developed 
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ing of vertical sub- 
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Fig. 6 


under this program. These sockets can also be used with 
subminiature size plug-in components having the same pin 
and header dimensions as those on subminiature electron 
tubes. These sockets with various types of shields are 
illustrated in Fig. 5. 

As the need arises, sockets to retain the 4, 5, and 6-pin 
flat-press types of tubes can be designed incorporating the 
same basic features of the 7-contact sockets already de- 
veloped. Vertical and right-angle 3-contact transistor 
sockets are presently under development. 

Outline drawings and printed circuit layouts for these 
subminiature tube sockets are shown for the vertical but- 
ton socket in Fig. 6, the right-angle flat-press socket in 
Fig. 7 and the right-angle button socket in Fig. 8. 

Figure 9 shows an experimental i-f package using three 
right-angle mounted flat-press sockets. A special tube 
retainer, developed by Mallory under an associated con- 
tract, is used to retain the tubes plugged into these sockets. 
A closeup of this “socket-tube clamp” combination is 
shown in Fig. 10. 

The insulator bodies of these sockets are molded of 
mica-filled phenolic. Sockets with bodies of a glass-filled 
silicone material will soon be available for use with 
cathode type tubes and for high temperature applications. 
Sockets of this material will be recommended for applica- 
tions where they will encounter temperatures of from 
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Fig.?7—Outline drawing of 
right-angle subminiature 
socket for flat-press tubes. 
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e , 0.467 |: 
Fig. 8 — Right-angle 
subminiature socket 
for button-base tubes. | 


100 C to 200 C. Contacts are fabricated of silver-plated 
beryllium copper and mounting straps for the right-angle 
types are made of nickel-plated brass. Tests have indi- 
cated that the electrical and mechanical characteristics of 
these newly developed sockets are satisfactory for use in 
Signal Corps equipments. 

Plugs and Receptacles. Unitizing or the subdivid- 
ing of an equipment into subassemblies for ease of fabri- 
cation and maintenance is basic in the Auto-Sembly 
system. The individual printed circuit subassemblies may 
be interconnected by conventional wiring or by an inte- 
grating printed circuit board bearing the necessary con- 
ductors. In either case, if the subassemblies are to be 
readily replaceable. some connecting device must be 
employed. 

For commercial applications a number of printed cir- 
cuit type connectors have been developed or have been 
obtained by modifying internal rack and panel type con- 
nectors. These components are used for making con- 
nections from the card to conventional wiring. Due to 
their inability to meet climatic and performance require- 
ments or their design features (large size, no float in 
contacts, tendency to entrap moisture, etc.) they are not 
used in general military field equipments. 

Printed circuit plugs, both single and duplex, and 
mating printed circuit receptacles to be used with both 
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types of plugs have also been developed. Duplex plugs. 
shown in Fig. 11, ar used when it is desired to make a 
package of two boards on the same plug. These plugs. 
fabricated of mica-filled phenolic, have nine pins arranged 
in two equally spaced rows with five pins in one row and 
four pins in the others. This five-four pin grouping pre- 
vents reverse mating of parts. Locating pins are incor- 
porated in the ends of both types of plug. These insulated 
locating pins can be used for grounded connectors, plain 
conductors, or can be easily removed and replaced by r-f 
coaxial connectors. The latter type of connector has 
noteworthy application in r-f and i-f packages, eliminat- 
ing the necessity of bringing high frequency leads out at 
some less convenient point. Fig. 12 shows plug and 
receptacle combination using coaxial connectors. Springs 
for retaining a package dust cover have been attached to 
the coaxial connector. 

Outline drawings of the duplex and single sided pack- 
aging plus are illustrated in Figs. 13 and 14 respectively. 
They have silver-plated phosphor bronze contacts with 
tin-dipped tabs. The tabs are designed so that they can 
be dropped into pre-punched holes in a printed circuit 
chassis. This allows for the complete electrical connect- 
ing of two printed circuit chassis and the cards can be 
directly connected if a duplex packaging plug is used. 

Switches. Several types of rotary switches are com- 
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Fig. 9—Experimental printed wiring i-f package using three right-angle subminiature sockets for flat-press tubes. 


tube retainers and packaging plug. 
tube retainer. 
components before attachment to plug. 


Fig. 10—Seven-contact right-angle subminiature socket, flat-press tube, and 
Fig. 11—Duplex packaging plug with receptacle (bottom) and twe printed cards (top) with mounted 
Fig. 12—Packaging plug and receptacle shown with a package dust cover. 


Coaxial conductors are used instead of locating pins on both ends of plug. 


mercially available having printed wiring as the stators. 
However, a switch capable of direct integration into the 
printed circuit chassis permits a greater degree of minia- 
turization and fabrication ease. Such a switch has the 
stator segments formed simultaneously with the remainder 
of the circuitry. The rotor shaft bearing and detent 
mechanism are assembled to the stator on the chassis or 
card. It should also be possible to assemble the switch 
and use it as a component to be dropped into pre-punched 
holes in the printed chassis. A 2-pole, 12-position rotary 
switch having 24 terminals evenly spaced in a circular 
array has been developed by the Signal Corps. The 
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switch, shown in Figs. 15 and 16, is capable of performing 
any complex combination of switching functions possible 
by the radio type of rotary switch. The switch was me- 
chanically and electrically designed to give satisfactory 
performance under the extremes of temperature, humidity. 
and vibration encountered by Signal Corps equipments. 

A contact resistance of 0.014 ohm maximum is observed 
after 100 ma at 200 volts d-c is switched at a rate of 10 
cycles per min for 10,000 cycles. The switch has a 1000- 
volt rms dielectric strength between alternate contacts 
connected together, between each pole contact point and 
all other contact points, and between pole contact points. 
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Fig. 13—Duplex packaging plug. 
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Fig. 15—Diagram of printed circuit 
switch showing contactor (right) 
and pressure spring (left). 


Fig. 16—Printed circuit switch showing rotor and 
detent mechanism (left) and printed stator (right). 
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Fig. 14—Single packaging plug. 


Summary. [he components discussed were developed 
to serve as standards for use in the Auto-Sembly system as 
applied to military applications. These components were 
designed to reflect all anticipated needs. However, the 
art is constantly advancing and in time it will undoubtedly 
be necessary to revise the basic designs or develop com- 
pletely new families of such components. 

With the rapid growth of transistors, further develop- 
ment effort was considered warranted to obtain new 
types of printed circuit electromechanical components for 
transistor circuitry. The Signal Corps is presently process- 
ing a development to provide connectors, sockets and 
switches specifically designed for printed circuit transistor 
applications. It is expected that samples of these new 
components will be available during 1956. 

These new products reflect the double impact of 
printed wiring and transistors on electronic component 
design. A third factor, automation, is expected to influ- 
ence component design. Here again, prodded by the de- 
mands of companies having automatic lines already in 
operation, component designers have begun to make 
modifications of printed circuit components to accommo- 
date new machine assembly demands. O00 


Patented Circuit 


| | 
| | 
1 Circuit diagrams are regularly used in ELECTRICAL 
MANUFACTURING to demonstrate or explain circuit 
principles. It is a rare instance that an author 
| designates whether such a circuit is patented or in | 
| the public domain. Specifically in the review of the | 
| Westinghouse Machine Tool Electrification Forum | 
| papers in the June 1955 issue (Computer Techniques | 
| Extended to Machine Tool Control, page 124) refer- | 
| ence is made in the caption for Fig. 6 to a conven- | 
| tional relay control of a solenoid valve for a punch | 
| press air-clutch with anti-repeat cycle. Lest some : 
readers are led to believe that this press control 
circuit is available for general use, the editors wish | 
| to state that they have been informed that this | 
| _ particular circuit is protected by patents which have | 
| been assigned to The Clark Controller Company of | 
1} Cleveland. 
| 











New Developments in 


An ELECTRICAL MANUFACTURING STAFF REPORT 


Shaded-Pole Motors 


Twenty-one manufacturers report on improvements in the characteristics of 


one of the most widely used electrical components. Although low cost 


is still the greatest benefit offered by the shaded-pole motor. 


the equipment designer can look forward also to higher efficiencies. 


better power factors. longer bearing life and standardized dimensions. 


RELIABILITY AND LOW Cost have made the shaded-pole 
motor the general-purpose a-c motor in the subfractional 
horsepower range. These two advantages have prompted 
the equipment and appliance designer to make great use 
of this component and to overlook in most cases its 
inherently poor efficiency and low starting torque. The 
latter are the classic disadvantages of the shaded-pole 
motor. But to these, recent trends in equipment design 
notably in the room air-conditioner field 
two other complaints. One pertains to the low power 
factor of shaded-pole motors. 
service life of the motor bearings, which in the normal 
run of shaded-pole motor applications are likely to receive 
a minimum of attention. 
representative of products for which shaded-pole motors 
are specified in great numbers and are commonly given 
little preventative maintenance by the ultimate user. 

To bring the equipment designer up-to-date on de- 
velopments in these and other factors of application, the 
editors of ELECTRICAL MANUFACTURING surveyed the 
manufacturers of shaded-pole motors. The questions 
asked and the answers given are presented below. As a 
part of this effort, data were obtained upon which the 
accompanying tables are based. Originally presented in 


have added 


The second concerns the 


Household appliances are 
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an earlier article (“How to Specify Shaded-Pole Motors.” 
ELECTRICAL MANUFACTURING, September 1950), these 
tables have been completely revised. Improvement in 
characteristics listed previously are evident throughout 
these tables. One fact of interest is that the 14%-hp 
maximum of the 1950 listings is superceded by a larger 
\4-hp rating. Another item of note is improved efficiency. 
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What is the average power factor of shaded- 
pole motors? 

In the past, the product designer seldom concerned him- 
self about the power factor characteristics of the motors 
he specified. The reason for this is simple—the designer 
pays no penalty for poor power factor. But others do, as 
has been made clearly evident by today’s soaring load 
requirements of private homes. ‘The classical 30-amp 
main “entrance” switch with four 15-amp branch circuits 
is outmoded to the point where a 100-amp main plus 
twelve 15-amp branches is considered the “adequate- 
wiring” standard. The home-owner with restricted service 
capacity is becoming increasingly aware of power factor 
Helping to create this 
awareness are local building codes, some of which have 
lately been revised to require separate branch circuits 
for notoriously poor power factor loads (such as air 


and its relationship to wiring. 


conditioners) . 

In addition to hearing complaints from the ultimate 
consumer, the product designer has begun to feel the 
pressure being exerted by the power companies. The 
latter are those that really pay for poor power factor 
loads, which require greatly increased generating and 
distribution capacity for a given block of saleable power. 
\ssuming a load power factor of 50 per cent, the utility 
must deliver to the consumer 2 volt-amp for each watt 
recorded on the meter. 

For these reasons, the poor power-factor characteristic 
of shaded-pole motors has suddenly become a focus of 
attention. Because there is some relationship between 
cost (which varies considerably among motors of the 
same output) and power factor, it is difficult to assign 
one value of power factor as being typical of shaded-pole 
motors. For some units, it may be as low as 30 per cent. 
On the other end of the scale, a maximum of 67 per cent 


Phonograph turntable complete with motor 

and drive is example of extent of features 

and accessories offered by shaded-pole motor 

en (Alliance Manufacturing 
0.) 


Three of the latest designs of open-type 
double-plate gear motors. These shaded-pole 
motors are distinguished by an efficiency 
almost double that of earlier designs. 
(Barber-Colman Co.) 
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from Various 


A-2 pole | 
B-4 pole 
C-6 pole 

D-8 pole 


Alliance Manufacturing Co. 


Barber-Coiman Co. 


Bodine Electric Go. 


Burgess Vibrocrafters, Inc. 


Diehl Manufacturing Co. 


Electric Motors & Speciatties, Inc. 


Electro-Engineering Products Co., 
Inc. 


Fasco Industries, Inc. 


General Electric Co. 


The General Industries Co. 


Howard Industries, Inc. 


Marco Industries, Inc. 


Merkie-Korff Gear Co. 


Motoresearch Co. 









Redmond Co., Inc. 



























The Loyd Scruggs Co. 


Small Motors, Inc. 
Speedway Manufacturing Co. 
United Pressed Products Co. 


Universal Electric Co. 


Wagner Electric Corp. 
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1/150 
1/30 


1/120 


1/60 
1/12 
1/2000 
1/250 


1/500 
1/225 
1/30 
-025 
.002 
.0027 
1/1100 
1/100 
1/2000 
1/300 
1/25 


1/40 


Table I—Range of HP Ratings Available 
Manufacturers 
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Table Il—Performance Ranges for Shaded-Pole Motors 


Motor Manufacturers 
A—2 pole 
B—4 pole 
C—6 pole 
D—8 pole 


Type 


Alliance Manufacturing Co. 


Barber-Coiman Co. 


2 wor oP 


Bodine Electric Co. 


Burgess Vibrocrafters, Inc. 


Diehi Manufacturing Co. 


Electric Motors & Specialities, Inc. 


at Engineering Products Co., 
ne. 


Fasco Industries, Inc. 
General Electric Co. 


The General Industries Co. 


Howard Industries, Inc. 


Marco Industries, Inc. 
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Merkle-Korft Gear Co. 
Motoresearch Co. 
Redmond Co., Inc. 


The Loyd Scruggs Co. 


Small Motor, Inc. 
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Speedway Manufacturing Co. 


United Pressed Products Co. 


Universal Electric Co. 


Wagner Electric Corp. 
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Record player motors 

Heater fans 

Circulating fans 

Timers 

Rotisseries 

Toys 

Displays 

Projectors 

Tuners 

Furnace controls 

Pumps 

Blowers 

Combustion and 
controls 

Aircraft pilot trainers 


industrial 
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1/500; 10 


Smallest Moto 


| 
| 
| 


Horsepower | 
Input watts | 
No-load rpm 
Futl-load 


rpm 


1/100 | 45 


-00015| 9.5 
-0046 22 


1/250 | 21.5 


3/88 


1/30 | 110 
1/120 | 30 


3500 
1730 


2800 
1690 


1/60 41 1765 1550 


3400 2800 


3350 
1760 
1160 


3325 
1655 
1120 


2650 
1120 
1020 


2925 
1550 
1020 


2400 
1500 


2600- 
3200 
1500 
1030 


3250 
1720 


3400 


1750 
1150 


1760 
1180 


1550 
1050 


geared 900 
to 1/10 


1 
3400 
1700 


2500- | 0. 
3000 

1200- | 0. 
1600 

1150 (950-1050 0. 
3400 
1720 
1080 


3500 
1650 


3400 


3000 
1500 
1000 


2800 
1350 


3200 


3350 2700 


| 3400 | 3000 
1750 | 1550 | .056 
1150 | 1050 | 2.5 


Bei ng Desig ned 


1700 
1110 


1500 - 
1000 3 


Fult load 

torque-Ib-in. 
Input amps | 
Horsepower | 


2o 
aa 
om 

rm 


no 
os 
w= 
os 


nm 
ao 


0.2812 
0.0876 
1.782 
.04 
12 
1.75 


-045 
.24 


3-in. 02 


Input watts 


Typical Applications for Shaded-Pole Motors 


Humidifiers and vaporizers 
Copying machines 

Chart and pen drives 
Tape winders 

X-ray machines 
Ventilator door operators 
Voltage regulators 
Vending machines 
Automatic bread toasters 
Laundry reversing controls 
Centrifugal type pumps 
Tape recorders 

Air purifiers 

Commercial refrigerators 
Dishwasher pumps 


Dispensing machines 
Draft boosters 

Fireplace circulators 

Fuel lifters 

Incubators 

Microfilm equipment 
Milk coolers 

Motion picture projectors 
Oil burners 

Oxygen tents 

Poultry brooders 

Room air conditioners (fans) 
Slide projectors 

Trailer ventilators 
Ironers 


Largest Motor 


| 


No-load rpm 
Full-load 

torque-lb-in. 
Full-load | 
states 


Starting 


_ 
wo 


1720 
1190 


1510 
1090 


1180 1000 


1760 1500 
3050 
1560 
1050 


3500 
1760 
1160 


3470 
1770 
1150 


3500 
1760 


3400 


1750 
1150 


3100 
1635 
1080 


2800 
1500 


2600- 
3200 
1500 
1030 


1760 
1170 


1550 
1050 


900 to 
1/10 


geared 


3 
3400 2500- 
3000 
1780 1545 


1185 1050 
3000 
1500 
1000 


3450 
1730 
1080 


3500 
1750 


2950 
1500 
3450 


3200 very 


little 


3500 2800 8 


3400 3000 
1750 1550 | 1.37 
1150 1050 4 


Bei ng Desig ned 


1700 
1110 


1500 8 
1000 


Magnetic separators 

Dictating machines 

Laboratory stirrers 

Coin sorters 

Outdoor barbeque units 

Aquarium air pumps 

Traffic control devices 

Portable tools 

Telephone answering sets 

Refrigerated cabinets and 
display cases 

Domestic and farm freezers 

Kitchen ventilators 


. 


ELECTRICAL MANUFACTURING 





RING 





KK TR mm 





Two-pole unidirectional skelton-type shaded-pole 
motor features two coils instead of usual single 
coil. Such construction results in more horsepower 
per pound and per cubic inch. (Burgess Vibrocrafters, 
Inc.) 





Three sizes of shaded-pole motor equipped with 
cradle- and bracket-type bases. (General Electric Co.) 


was reported for a specific line of motors. Power factor 
for the great majority of shaded-pole motors ranges 
between 50 and 60 per cent. Many manufacturers offer 


65 per cent rating in some of their standard lines. 


What is being done to shaded-pole motors to 
improve their power factor, especially in air con- 
ditioner applications? 

The general agitation for higher power factor has not 
affected all shaded-pole motor manufacturers equally. 
Many claim complete unawareness of any movement in 
the industry to raise power factor. This is true notably 
of most makers not supplying units to the room-air con- 
ditioner field and those who limited their production to 
the smaller torque ratings. But a large segment of the 
industry is alert to the problem and described the areas 
of research in which studies for improvement are being 
made. 

Special windings using a transformer principle to raise 
the voltage have been developed. To increase the power 
factor and reduce the current of the shaded-pole motor, 
the number of turns of the stator winding have been 
extended to simulate an autotransformer. The stepped-up 
voltage resulting is applied to a capacitor. The higher 
voltage makes more effective use of a low-cost available 
capacitor rating, with resultant improvement in power 
factor. 

Another approach to the problem is the design of 
motors of higher efficiency, which draw fewer amperes 
and watts for comparable outputs. The overall power 
factor remains about the same, but there is a considerable 
drop in amperage drain. Based on the same general 
thinking, some efforts are being made to reduce iron 
losses. The latter may involve reforming stators and 
laminations to provide more efficient magnetic paths. 

Some motor designers, although attempting to lift 
power-factor ratings were skeptical of the ultimate results. 
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Typical of shaded-pole motors used in room air-conditioners 
is this 1/10-hp double-shaft unit. Fans are mounted on both 
ends—one for cooling the refrigerant condenser and_ the 
second for circulating room air. (General Electric Co.) 


This two-pole shaded- 
pole motor is available 
in any a voltage 
from 6 to 230 volts, 
50 to 60 cycles. Note 
integral cooling fan. 
(United Pressed Prod- 
ucts Co.) 





These expressed the opinion that the shaded-pole motor 
will be largely superceded in air-conditioner applications 
by the permanent split-capacitor motor. The latter ex- 
hibits much better power factor plus reduced operating 
temperatures. which provide the added benefit of longer 
hearing life. 


What is being done to increase starting or pull- 
up torque? 

One of the few major limitations of shaded-pole motors 
is the low starting torque. In contrast to other types of 
electrical machines, some of which can exert starting 
torques that are many times the full-load values, shaded- 
pole motors have starting torques that are much less than 
are available at the higher speeds. The past five years 
have brought some improvement in torque characteristics, 
however, as will be noted from a comparison of the ac- 
companying table of performance ranges with the earlier 
version of this table. Here are some of the measures 


adopted by manufacturers to increase starting torque: 


1—Reduction of air gaps and reforming of rotor bars. 

2—Lamination design changes. 

3—Increasing motor resistance and use of a deep con- 
ductor slot in design of the rotor. 

t—Combination reluctance and shading-coil start, in- 
creasing both starting and pull-up torque. 

5—Plating rotor with copper: use of wound shading 
rings and raising the number of bars in the rotor. 

6—Substituting aluminum for copper in rotors. 

7—Improving lamination geometry to increase pull-up 
torque and power factor. The changes generally involve 
reworking shading coils striving for a better balance be- 
tween reluctance, shading and rotor effects. 


What horsepower ratings are offered in a single 
frame diameter? 


Reminiscent of electromagnetic relays. few standards 
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1—Die Cast Zinc frame for 2-pole 
2—Burgess Vibrocrafters, Inc., Pressed‘Al 





exist to govern the design and manufacture of shaded- 
pole motors. Hence, wide variations exist in the mechan- 
ical and electrical characteristics of motors of the same 
output made by different firms. For example, there is no 
pattern evident in frame sizes, unless it be the fact that 
individual manufacturers supply wide power output ranges 
in a given frame. 

The range of Yooo to % hp cataloged by one maker 
in just three different frame diameters is representative. 
One frame diameter is used for each of the following 
groupings: 1/3000 to 1/500; 1/500 to 1/10; and 1/10 
to 4% hp. Table IV shows the horsepower rating—frame 
diameter assignments made by several manufacturers. 


What features are available in addition to the 
bare motor? 


Because so many designers issue custom specifications 
for the shaded-pole motors needed for their particular 
applications, a tremendous variety of features and acces- 
sories have been made available by the motor manufac- 
turers. Among these are: built-in gear reducers (spur, 
worm and helical); brakes and clutches (electromag- 
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3—Redmond Co., Inc., supplies 6 pole with die cast magnesium end brackets and frames. 
4—Wagner Electric Corp., supplies sleeve bearings of bi-metal. 


Table tli—Partial List of Manufacturers of Shaded-Pole Motors 




















Frame Stator Rotor 
Field structure Frame | Mounting 1% Materials End Brackets windings | Construction 
Motor Mantas Tate | tt | le | a aoe 6d lelalaly 
apa 2/2 |3| 3/3 Belse|s| 3 eeldz| sl 2 22/2 /3\2/ei/2/2/3\2/3/3 13 
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netic, solenoid and spring types); gear transmissions for 


oscillating fans; driving couplings; cranks; cams, 
sprockets; single and double fans or blowers; flywheels; 
slip clutches; pulleys; record-changer drive mechanisms; 
resilient and rigid bases; terminal boards; conduit boxes; 
flexible metallic conduit connectors; and thermal over- 
load protectors. These are typical features available, but 
the variety of accessories and special designs is actually 
endless. One manufacturer produces a %»-hp shaded- 
pole motor with a rotating endbell. Fan blade mounting 
flanges are an integral part of this rotating member. This 
facilitates the use of inexpensive blades, which may be 
fastened by means of screws to the rotating endbell. 


What are standard voltage-frequency ratings? 


Ratings of 115 or 230 volts at 50 or 60 cycles are 
standard with most manufacturers. Motors for 25 cycles 
are also widely available. Actually, however, the product 
designer will find few limitations on voltage ratings since 
any voltage up to 230 with frequencies from 25 to 400 
cycles can be had on special order. This factor makes a 
wide variety available from which to choose. 
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What is being done to reduce bearing tempera- 
tures and extend bearing life? 

In the past, the service life of shaded-pole motor 
bearings has been unsatisfactory in certain applications. 
In many cases, such motors are employed in equipment, 
such as appliances, that is not particularly well main- 
tained and is subject to environmental extremes. Product 
designers, therefore, have been seeking to obtain motors 
with bearings that can withstand the conditions that 
shorten life. 

One measure taken to reduce bearing temperatures and 
extend bearing life is the casting of fan blades as integral 
parts of the rotor. This provides constant air turbulence 
over the bearing housing. In addition, large recirculating 
oil reservoirs are furnished to aid in cooling the bearing. 
In certain designs using aluminum or magnesium frames, 
the bearings are pressed into place so that these high- 
conductivity materials act as radiators. Another aid to 
lower tomperatures is a longer bearing that provides more 
heat-conducting surface. It has been found, too, that over- 
size frames reduce bearing temperatures in that they 
offer more heat-sink capacity than do the smaller frames. 
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The consensus of opinion among the motor manufac- 
turers is that no permanently effective pre-lubricated or 
non-lubricated materials are in sight. The sound approach 
to the service-life problem appears to be a large, chem- 
ically stable, non-foaming oil supply, retained in adequate 
wicking in a mechanical system that insures an oiled 
bearing plus a return arrangement that is effective at all 
speeds and in any position. 


How often is oiling recommended on an average 
application? 

Most manufacturers specify periodic lubrication at 
intervals ranging from one month to one year. Several 
offer units with especially large oil reservoirs that can 
operate from three to five years without attention. Only 
one maker states that re-oiling is not needed. 


How efficient are shaded-pole motors at the pres- 
ent time? 

In general, the efficiency of a shaded-pole motor is poor. 
On the average, efficiency is related to horsepower rating, 
ranging from about 7 per cent for a 1.5 watt-output 
motor to about 40 to 45 per cent for a 4 hp-output motor. 


Is anything being done to improve efficiency? 

Fortunately, the answer to this question in most cases 
is, “yes.” Recent changes in some models of shaded-pole 
motors has improved average efficiencies as much as 100 
per cent. Improved electrical steels are being tested 
and seem closer to practical use. Better lamination design 
and die-casting techniques assure more uniform flux 
densities and higher electrical conductivity. 

Gradually, through improved lamination geometry and 
optimum proportion, manufacturers have been able to 
build more efficient motors designed to retain the advan- 
tage of low cost without losing control of minimum torque 
and low noise levels. By means of special iron, thinner 
laminations, extra long stacks and smaller air gaps, per 
cent efficiencies well into the 40’s have been obtained. 
Such motors, however, do not have the low cost per 
watt output of the more orthodox design. Progress in 
this direction will continue slowly as materials and tech- 
niques improve. 


W hat are considered standard mounting dimen- 
sions, shaft diameters and shaft extensions? 

The purpose of this question was to determine whether 
any progress toward standards was being made by the 
industry. The great variety of dimensions listed in the 
replies indicated there is little agreement. The majority 
gave dimensional values that were standard only to the 
catalog motors of each individual company. In almost 
every case, the product designer can easily obtain modi- 
fications in both shaft and mounting dimensions. 

A very few firms stated that they were attempting to 
anticipate the NEMA Standard for Shaded-Pole Motors 
and had cataloged shaft sizes and mounting dimensions 
that were based on estimates of what the final NEMA 
recommendations will be. 


Does the motor manufacturer intend to follow 
the new NEMA definition of shaded-pole motor 
ratings? 

At present NEMA has limited standards pertaining to 
shaded-pole motors. These include three paragraphs in 
Publication No. MG1-1955, “Motors and Generators” 


137 








































Table IV—Range of Horsepower Ratings of 
Shaded-Pole Motors in 
Various Frame Diameters 


Manufacturer Frame diam, in. Hp rating 
Electric Motors & Specialties, 3-7/8 1/60 to 1/30 
Inc. 
General Electric Co. 3-1/2, 4 pole .002-.0215 
3-1/2, 6 pole .0027-.0094 
4, 2 pole .025-1/20 
4, 4 pole -025-.035 
5, 6 pole -025-1/10 
5, 4 pole 1/20-1/10 
5-1/2, 4 pole 1/10-1/4 
5-1/2, 6 pole 1/12-1/4 
Marco Industries, Inc. 4-5/8 1/40-1/8 
5-1/2 1/30-1/6 
Redmond Co., Inc. 5-1/2 OD 1/35-1/3 
3-15/16 OD 1/40-1/45 
3-15/16 OD 1/30-1/25 
3-21/32 OD 1/500-1/80 
3-9/32 OD 1/15¢-1/40 
Universal Electric Co. 3-9/32, 2 & 4 pole 1/500-1/20 
4-5/16, 4 pole /50-1/10 


1 
4-5/16, 6 pole 1/80-1/12 
5-1/16, 6 pole 1/40-1/6 


dated March 1955. Page 5 of Part 2 (revised August 
1955) lists standard ratings for shaded-pole induction 
motors in two groups, from 1 to 40 millihp and from 
1% to % hp. Standard synchronous rpm and full-load 
rpm for 50- and 60-cycle operation are given. Page 8 of 
Part 2 presents a table of breakdown torques for the 
standard horsepower range mentioned above. Page 20 of 
Part 7 lists standard voltages and frequencies for these 
motors plus data on temperature rise, terminal lead 
markings and general mechanical features. Furthermore. 





Larger oil reservoirs designed to reduce 
bearing temperatures and extend service 
life of bearings are featured in this unit. 
Motor housing and bearing are integrated 
in single iron casting. (Electric Motors 
& Specialties, Inc.) 
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Just five of the many variations in 
shaded-pole gearmotor are shown here. (Merkle-Korff Gear Co.) 








it is understood that a NEMA committee is working on 
standard shaded-pole motor mounting dimensions for the 
industry. Frame diameters and shaft heights may come 
up for consideration later. 

The replies from 2] manufacturers showed that about 
half intended to comply with NEMA standards while the 
remainder stated either that they would not or that the 
recommendations would not apply to their particular 


motors. o oD 
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me Fig. 1—Originally, this test fixture 
for determining inductance values of 
wire used in telephone coils was 
ut constructed out of metal and insulat- 
the _ing parts. Now it is cast from poly- 
the ester casting resins with resulting 
lar elimination of previous disadvantages. 
O 
ded 
RK. G. BLACK, Chemical Engineer 
WESTERN ELectric Company, INC. 
Hawthorne Works, Chicago 


Polyester Casting Resins 
for Rigid Insulating Parts 


Here are some examples of cast-resin work in electrical components 
such as terminal strips and cable terminal blocks, as well 
as an electrical test fixture. The advantages and difficulties 


encountered in these applications are reviewed in detail. 





| THE DESIGNER OF ELECTRICAL APPARATUS has two funda- lation in this field. Some of their more important qualifi- 
mental problems: he must provide (1) the necessary cations are: 

| conductive circuits, and (2) the means for insulating these 1. Superior insulating quality under conditions of ele- 
conductive circuits, not only from each other where vated humidity and temperature. 
necessary, but also from the supporting framework if of 2. Minimum disturbance of delicate inserts during 
metal. From a manufacturing standpoint, styrene- mold filling, since little or no pressure is needed. 

ns polyester resin compositions have been found to afford 3. Ability to be cured at relatively low temperatures 

many advantages over pressure-molded products as insu- (room temperature to 150 F) when necessary, in contrast 
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to a minimum of 270 F for phenolic molding composi- 
tions. 

1. High impact resistance when properly reinforced. 

5. Practically any desired color. 

6. Simpler facilities are ordinarily sufficient for process- 
ing. 

There are also some disadvantages to the use of cast 
resins, such as relatively high price of material ($0.30 to 
$2.00 per lb), high degree of shrinkage (although non- 
shrinking compounds are available at a premium) and, 
in some cases, the need for cleaning molds after use. 
Also, casting resins generally require a much longer curing 
cycle than conventional pressure-molding materials. 

Four general classes of applications will be discussed: 

1. Highly specialized assemblies of new design, re- 
quired in limited quantity, which are conventionally made 
by fastening together individual pieces of metal and insu- 
lation. 

2. Parts already in mass production, whose design can 
be modified economically to obtain improved quality or 
performance, together with simpler assembly, when made 
with cast resin. 

3. Mass-produced parts originally made from conven- 
tional materials, but extensively redesigned for casting 
resin application. 

4. Mass production of an entirely new development, 
conceived originally to utilize to the full advantageous 
properties of casting resins. 

All the applications presented here used polyester-type 
compounds. 

The first class is illustrated in Fig. 1, which shows a 
special test fixture. 
determine how many turns of wire are needed to provide a 
given inductance value when wound on the Permalloy- 
dust core rings used in telephone repeating coils. These 


This piece of apparatus is used to 


rings range in diameter from considerably less than 1 in. 
to over 2 in., and the test device must be able to accom- 
modate these varying sizes. In use, the ring to be tested 
is placed around the conical-tipped pillar, and when the 
cap is properly positioned, the various metal parts make 
contact in such manner that, effectively, a winding of 
24 turns is formed about the ring. 
of this arrangement, the number of turns required to 


From the inductance 


provide the desired inductance for the ring under test 
can be calculated. 
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The older models of this apparatus were built up from 
metal and insulating pieces fastened together with screws 
When improvements in Permalloy permitted successive 
reductions in the size of the rings, the central pillar had 
to be made smaller, until finally a point was reached where 
the pillar was not strong enough to endure the wear and 
tear of testing several thousand parts per day. 

Casting resin has been used successfully in the fabri- 
cation of this test device. Two particular advantages ac- 
crued: (1) The cast resin structure has proved adequately 
strong in use. (2) Since the cast resin construction is 
essentially monolithic, there was no formation of crevices 
that were inevitable in structures used previously. These 
crevices, of course, tended to collect dust, which became 
slightly conductive in humid weather, caused a loss in 
insulating quality, and led to inaccurate measurements. 

Two principal precautions were necessary in the cast- 
ing operation: (1) To cure the casting slowly enough 
to minimize shrinkage strains. (2) To remove the cast 
part from the mold while hot, so as to avoid binding and 
possible cracking caused by a differential between thermal 
contraction of the casting and the metal mold. It was also 
found necessary to draw a temporary vacuum on the 
mold after most of the casting mixture had been poured. 
in order to remove trapped air from the relatively small 
spaces between the metal parts of the pillar. The casting 
mixture was composed of a rigid type styrene-polyester 
with 250-mesh silica flour as filler, and about 5 per cent 
by weight of finely chopped glass fiber as reinforcement. 

An example of the second class of application is a 
terminal strip shown in Fig. 2. This device is used in tele- 
phone exchanges and serves as the connection between the 
incoming customers’ lines and the switchboard wiring. 
In the old-style terminal strips the terminals were held in 
slots milled in hard-rubber spacing strips, which were 
clamped together by long thin bolts. The hard rubber 
had two objectionable characteristics—slight distortion 
under pressure, so that the bolts loosened in time and 
required periodic tightening, and deterioration of insu- 
lating quality to the extent that serviceability ,was occa- 
sionally impaired. 

Through the use of cast resin, these two disadvantages 
were eliminated. The polyester composition used is iden- 
tical with that for casting the test fixture proviously de- 
scribed. The mold for making these parts consists essen- 
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g 2 (left}—A mass-produced 


ponent like this terminal strip 
be redesigned for simpler as- 
ly and increased reliability by 
ng cast into a resin structure. 


Fig. 3 (right)—Cast resin replaces 
glazed porcelain in this cable 
terminal block. Improved sealing 
is provided by the cast resin as 
against the asphalt used previously. 


tially of two perforated chrome-plated steel plates, mounted 
on steel supporting frames, and a steel U frame to form 
the narrow faces of the casting. The terminals 
dropped into the slots in the mold faces by hand. 
The most critical step in the operation is the removal 
of the castings from the mold. The resin in the casting 
mixture tends to seep through the slots supporting the 
terminals, and to solidify in small fillets on the outside of 
the mold around the terminals, performing an undesirably 
effective cementing job. Fortunately, the resin used does 
not cure completely where exposed to the air. Conse- 
quently, if sufficient force is applied the face plates can 
be removed provided they are held in strict alignment to 
avoid binding. 


were 


For this operation it has been found 
necessary to devise a machine that restrains the block and 
removes the face plates simultaneously with an equal 
force exerted on each mold face plate during the strip- 
ping operation. However, due to seepage of the com- 
pound and an occasional misaligned terminal, the forces 
sometimes vary and are not balanced. To hold this un- 
balance to a minimum, the molds are stripped while they 
are still hot and while the casting is not fully shrunk. 

A cable terminal block (Fig. 3) illustrates the third type 
of application. It is used as the point of connection be- 
tween the individual customers’ telephone lines and the 
cable leading to the telephone exchange. These terminal 
blocks were formerly made of glazed porcelain. The 
cable wires were sealed against the entrance of moisture 
by molten asphalt poured into a recess in the bottom of 
the block after anchoring the cable sheath to the block 
by a flanged collar. To prevent the entrance of moisture 
through accidental breaks in the lead-sheathed paper- 
insulated cable it is customary to pressurize the cables 
with dry nitrogen gas. When a leak occurs, the drop in 
pressure actuates an alarm system and a repair crew can 
mend the break before moisture gets into the cable. This 
is an effective system, but it requires that the cable term- 
inal sealing compound be able to withstand a few pounds 
of gas pressure. The asphalt compound was unsatisfac- 
tory for this application. 

Casting resin provides a more satisfactory sealing mate- 
rial than asphalt. As finally developed, thermoplastic 
shells are used to provide the retaining forms for a poly- 
ester casting resin mixture, which bonds firmly to the 


shell during the curing process. This eliminates the 
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necessity for constructing several sets of heavy steel molds 
for use as retaining forms, and provides a smoother 
block than 
with the cured resin alone. To provide a gas-tight seal 


outside surface on the could be obtained 
between the individual conductor wires and the surround- 
ing resin, it is necessary to heat-cure a special resin mix- 
ture on the wires before connecting them to the terminals 
and casting the block. 


Another precaution required a 





Fig. 4—Pole-line insulators made from casting resin 
provide excellent weathering and insulating character- 
istics, and exhibit high mechanical strength. 
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relatively low curing temperature, since the plastics mold 
forms distort at about 210 F. In practice it has been found 
hest to use a two-stage conveyor oven in which the parts 
are heated at 125 F for 45 min and at 190 F for 60 min. 
During the first stage the chemical reaction involved in 
curing the resin mix generates heat and brings the internal 
temperature of the castings up to about 200 F, which is 
held through most of the subsequent part of the cure in 
the conveyor oven. 

\ polyester cast-resin application illustrative of the 
fourth type is shown in Fig. 4, picturing a new type of 
pole-line insulator. Several hundred such insulators are 
under test in an experimental field trial. The design lends 
itself readily to the use of multicavity molds that consist 
of an assembly of steel shells with clearance holes and a 
lower support for the bolts, and a fixture to support the 
clamp hooks during curing of the plastics. Such cast resin 
insulators have been found to provide high insulating 
quality in service and to maintain their quality under 
extended weathering. They also have excellent mechan 
ical strength and resistance to impact, as shown by their 
ability to resist an occasional shot from a 0.22 caliber 
rifle. No other single material, including glass, glazed 
porcelain, and conventional molding compositions offer 
all of these advtanages. 

It may be mentioned in connection with these insu- 
lators that their breaking strength is affected markedly 
by the contours and surface qualities of the metal bolt 
embedded in the body of the insulator. Sharp edges such 
as are commonly found on standard hexagon or square 
head machine-bolts reduce the strength considerably due 
to the resulting “notch” effect. Bolts with specially round 
heads and fillets give strength values up to twice those 
obtained with conventional types. 

In each of the four types of application which has been 
here described, the casting composition is of a type which 
requires a moderate rate of cure during the early stages. 
either to avoid the too rapid development of internal 
strains as the mass solidifies. or, in the case of the cable 
terminal. to keep the internal temperature from rising to 


Problems 

in Casting 
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a level which would injure the plastics shell used as a 
mold. Resins are becoming available, however, in which 
less exothermic heat is generated and which can be cured 
more rapidly. By the use of fillers, which further control 
the curing reaction, it appears that it should be possible to 
raise the average curing temperature and thus reduce the 
curing time for larger parts which formerly had to be 
cured slowly. It is doubtful, however, that such rapid 
cures can be extended at present to complicated castings 
such as the test device described under the first example, 
in which unsymmetrical metal inserts give rise to a multi- 
tude of severe internal strains unless polymerization is 
slow enough to allow as much as possible of the shrinkage 
to take place before the mass becomes rigid. 

Looking to the future, a rapid expansion of applications 
for polyester resin appears likely, particularly in view of 
recent development such as the following: 

1. “Dough” mixes are now available which are ready- 
catalyzed putty-like compositions that flow well under 200 
or 300 psi pressure and are capable of being cured in 3 
to 5 min at 250 F or higher. These mixes can be 
obtained with a high percentage of reinforcing glass fiber, 
which imparts to products made from it an exceptional 
impact strength. The advantages of the polyester resins 
are thus effectively brought into the injection, transfer 
and compression molding fields. 

2. Cheap naturally fibrous minerals can be used in 
place of relatively expensive glass fiber as reinforcement. 
While not as strong as glass fiber on an equivalent weight 
basis. more can be used and equvalent strength obtained 
in some Cases. 

3. “Tailor made” compositions can be produced for 
specific applications by judicious combinations of resin 
and fillers. There are very marked differences in the 
effects of various kinds of materials used as fillers (such 
as tales, clays. and carbonates) upon the characteristics 
of casting compositions made with any given resin as the 
base. A great deal of work is needed to determine the 
types of fillers which give the best results for specific 
applications. O00 


H. G. MANFIELD 
Rapark RESEARCH ESTABLISHMENT, MINISTRY OF SUPPLY 
Malvern, England 


IN APPLYING CASTING RESINS to electronic components it 
is essential to understand fully the structure of the com- 
ponents and the physical and chemical nature of the resin 
compound. Some components commonly used in electronic 
circuits are incompatible with casting resins, chemically 
or mechanically. A component-by-component analysis of 
danger areas follows: 


Resistors 


The value of small resistors may be altered if the com- 
ponents are subjected to a severe exothermic reaction; 
temperature in excess of 125 C will give rise to noncyelic 
resistance changes in such components. 


. ELECTRICAL MANUFACTURING 





me 


isa 
lich 
ired 
trol 
e to 
the 
» be 
apid 
ings 
iple, 
ulti- 
n is 
cage 


ions 
w of 


ady- 
200 
in 3 
| be 
ber, 
onal 
‘sins 
isfer 


1 in 
1ent. 
‘ight 


ined 


for 
‘esin 

the 
such 
stics 
; the 
- the 
cific 


—DO 


ts it 
‘om- 
resin 
‘onic 
cally 


is of 


com- 
ion: 
velic 


RING 


| 


Miniature cracked-carbon resistors, which consist of 
a pyrolytic film fired on a ceramic body, are often seri- 
ously affected because the resin sticks to the film and, 
when heated, lifts it off its ceramic base. It is undesirable 
to use these miniature resistors unless they are surrounded 
by a grease film or a plastics sleeve. High-value resistors 
‘over | megohm) are particularly affected. The problem 
is being studied by manufacturers and may be solved by 
the use of improved coatings. 

Wirewound resistors which may work up to 200 C are 
also not to be used because local heating may decompose 
the resin in the vicinity of the resistor. Apart from this, 
these resistors are usually made of a ceramic base which 
has a very much lower thermal expansion than the resin 
and is sometimes cracked during cooling cycles. 


Capacitors 

Wax-covered capacitors are unsuitable for casting in 
resin but may be used when stripped of their coverings. 
Some manufacturers are supplying a special range of 
capacitors suitable for casting. When the stacked-foil ca- 
pacitor is used, there is some danger of the resin getting 
between the plates, thus increasing the capacitance and 
giving the component an undesirable temperature co- 
efficient. 

Paper capacitors are unaffected by casting, but their 
metal cases and rubber seals are unnecessary and unduly 
bulky and expensive. In an unprotected state, serious con- 
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tamination of the resin would be caused by the greasy 
impregnants (usually petroleum jelly). A range of metal- 
lized paper capacitors most suitable for casting is avail- 
able in certain values but not, as yet, in all values and 
ratings. 


Rectifiers 


Metal rectifiers may be cast in resin but care must be 
taken to ensure that the temperature during curing does 
not exceed 55 C. Germanium diodes are also unaffected. 
These components are pressure-sensitive and, in conse- 
quence, great care must be used to minimize strains 
caused by shrinkage in casting. 


Iron-Core Components 


Transformers are a very difficult problem; a large vol- 
ume of resin is necessary to cover the large mass of metal, 
which has a very different thermal expansion than the 
resin. This may make an extremely bulky part, not accept- 
able to the designer. Furthermore, transformers often 
work very hot, and excessive heating inside them caused 
by the poor thermal conductivity of the resin may damage 
the insulation of the windings. 

The choice of resins for casting transformers is decided 
by considerations of pot life and vapor pressure besides 
those of adhesion, shrinkage, electrical properties and 
cost. For most resins of the polyester family, it is not 
possible to draw a vacuum better than 6.6 mm Hg at 25 
C as this is the vapor pressure of styrene, one of the most 
common constituent parts. Similarly, when using epoxy 
resins, many of the common hardeners have high vapor 
pressures and are pumped off in the vacuum impregnation 
process. This is particularly so in the amines—especially 
as these are used in very small quantity compared with 
acid hardeners. 

Resin pot life is very important. In production, a fair 
amount of resin is required to be catalyzed or the harden- 
er added. Ideally, it should be possible to make up a mix- 


Fig. 1 (left)—Mold for 
casting transformer show- 
ing transformer in posi- 
tion. (Radar Research 
Establishment, England.) 


Fig. 2 (right) —Complet- 
ed transformer after re- 
moval from mold. 
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ture, vacuum impregnate with it, and use the same batch 
of resin for at least a working day before it thickens or 
gels; then, by application of heat to the impregnated trans- 
former it should be possible to gel the resin rapidly be- 
fore it has a chance to drain away. Unfortunately such 
a resin does not yet exist, but the nearest approach to 
it is in polyesters, with the epoxies a long way behind in 
convenience of handling; the only suitable resins in this 
family are far too viscous to use at room temperatures, 
most requiring heating to above 100 C. The so-called cold- 
setting epoxies have too short a pot life and too high a 
shrinkage for use in the casting of transformers, and their 
thermal qualities are not good enough. 


As has already been stated, casting resins for trans- 
formers are always heavily filled with an inorganic mate- 
rial such as mica flour, calcium carbonate or silica sand. 
The presence of the filler greatly increases the thermal 
conductivity of the resin and lowers its thermal expansion 
rate down to as little as 25 parts in a million per day 
degree C. With such a mixture it is possible to cast the 
whole transformer, in many cases, with sharp corners on 
laminations which would cause extensive cracking of an 
unfilled resin at low temperatures. Great care must be 
taken to impregnate the windings of the transformer thor- 
oughly when using such mixtures, as the presence of small 
voids in the center would to the onset of ionization when 
a high voltage stress is applied and this would lead in 
time to the thermal breakdown of the insulation. 

The problem of releasing the casting from the mold is 
much simplified when large concentrations of filler are 
used. Very satisfactory molds for transformers have been 
made from aluminum alloy with polytetrafluoroethylene 
bushes for molding in the terminals. A design for such a 
mold is shown in Fig. 1. With this mold, the transformer 
is mounted on the baseplate, the wire leads are connected 
to small eyelets located in each bush, the sides are assem- 
bled by screwing together and the resin is poured into 
the cavity and cured. 

When curing is completed, the mold is broken down- 
if necessary by knocking against the projecting edges 
seen in the sketch. The appearance of a transformer cast 
in the way described is shown in Fig. 2. As shown, the 
terminals are produced in one piece from the resin. This 
results in lower costs and the ability to withstand greater 
voltage stress than with an added ceramic or other ter- 
minal. 

Transformers made in a similar way to that described 
are now being produced in quantity by several British 
commercial firms. They meet most of the requirements of 
relevant specifications excepting that of “no load” cur- 
rent; this is several times greater than with the unpotted 
transformer. This peculiarity is most likely caused by 
stresses set up in the iron core by pressure as at low tem- 
peratures the “no load” current is much greater than nor- 
mal and gradually tapers off to become normal at a tem- 
perature around 120 C. This problem is being investi- 
gated; it is generally unimportant except in low-wattage. 
high-voltage transformers where the ratio of load to no 
load current could be unfavorable. The effect of pressure 
rules out the normal casting processes when it is neces- 
sary to cast transductors for magnetic amplifiers, which 
are usually made on nickel iron alloy cores and are ex- 
tremely sensitive to pressure—the fall in permeability is 
too serious to be tolerated. Such materials as Mumetal 
and Radiometal are very sensitive to this effect and should 
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not be cast in rigid resins, nor indeed in most available 
casting agents. It has been reported that these cores under. 
go a loss in permeability of 50 per cent when cast in 
paraffin wax. 

The heat resistance of cast transformers is quite high. 
Many have worked on full load at a temperature of 150 C 
for several months without failure or measurable loss of 
insulation. It is thought in certain quarters that the resin- 
cast transformer is even better than the more common 
oil-filled variety which had for many years been recog- 
nized as the most reliable design. A demonstration of the 
internal ionization in such transformers, using a newly 
designed a-c apparatus, showed the inception voltage for 
ionization was at least as high for the resin cast as for 
the oil-filled transformer. 


Instrument Wires 


Most fine instrument wires covered with enamels are 
not attacked by the resins, although some coatings may be 
incompatible or not heat resistant enough to withstand the 
curing temperature of some of the epoxies. Breakage of 
fine wires can occur through differential expansion be- 
tween the wire and the resin. Wire gages up to SWG No. 
42 (British Standard), 4.0 mils diam, are usually quite 
satisfactory but smaller than this can lead to trouble. Cer- 
tain commercial firms find difficulty in winding with 
smaller gages than with SWG No. 44, 3.2 mils diam, be- 
cause of handling hazards; this in itself will probably 
preclude the use of very fine wires in cast units. O O O 
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the equipment designer wishing to incorporate computer 
controls in his product. Such information was presented 
in the first part of this article (ELECTRICAL MANUFAC- 
TURING, August 1955). 

What makes computer techniques applicable to in- 
dustrial control is the fact that many machine opera- 
tions can be described in terms of an equation. The 
surface of a cam, for example, is a representation of the 
equation that corresponds to the path of movement of 
the associated machine member. Any equation defining a 
machine operation, no matter how complex, can be 
broken down into a number of basic mathematical proc- 
esses. Fortunately, therefore, the control designer finds 
himself working with simple computations, combining 
them to produce the desired overall result. 

Now, the means by which the basic mathematical 
operations (addition, subtraction, division, etc.) are per- 
formed by analog computers will be explained. The opera- 
tions are depicted schematically in the accompanying 
chart to clarify the discussion. 

Addition and Subtraction. These operations are 
usually performed by means of the summing amplifier. 
Other methods commonly used to perform summing oper- 
ations (both addition and subtraction) are as follows: 

a—Summing with series sources, consisting largely of 
isolated voltages. 

b—Summation by impedance addition. The sum is in 
the form of a voltage drop across series resistors. fre- 
quently in a bridge circuit. 

c—Summation of shaft rotations by means of a mechan- 
ical differential. 

d—Summation of shaft rotations by means of a syn- 
chro differential circuit. 

e—Summation by sequential servo positioning. A posi 
tional servo shaft rotates a number of degrees propor- 
tional to an input signal. By sequencing to various input 
signals, the total amount of shaft rotation is propor- 
tional to the sum of the input signals. 

f—Summation by sequencing elapsed time. When a 
constant-speed motor is operated for a length of time 
proportional to a variable, the shaft rotates a certain 
number of degrees. If the motor is operated sequentially 
according to various variables, the total number of shaft 
degrees is proportional to the sum of the variables. 

g—Summation of Pulse Counts. This is a digital tech- 
nique.* 

Multiplication and Division. Multiplication by a 
constant coefficient is frequently required, as when it is 
desired to introduce the function scale factor into the 
equation being solved. This can be accomplished by a 
sumniing amplifier. The ratio of the feedback resistance 
divided by the input resistance is the multiplier, and it 
can be greater or less than unity. 

Wherever the multiplier desired is less than one or 
the output is to be a constant fraction of the input volt- 
age, a linear potentiometer is usually used. The simplest 
method consists of applying the reference or multiplicand 
voltage (either constant or variable) across the poten- 
tiometer resistance winding. The multiplier is in the form 
of shaft rotation, being proportional to the fraction of 
winding between the wiper arm and the reference ter- 
minal. The product is the voltage at the wiper. The wiper 
shaft can be positioned either manually, or by means of 


*See “Adapting Digital Techniques for Automatic 
Manvuracturinc, Nov. and Dec. 1954. 
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a servo. Where the servo is controlled by a variable, 
the product obviously is the resultant of multiplication 
by a variable. 

Frequently, the multiplier potentiometer is not linear. 
The resistance from any point to the reference terminal 
is an algebraic or triogonometric function of the shaft 
angular position. Thus, it is readily possible to multiply 
by a function of shaft rotation. For example, the re- 
sistance may be the reciprocal function of the shaft rota- 
tion. Multiplication by the reciprocal of shaft rotation 
is algebraically identical to dividing by the same shaft 
rotation. Likewise, any of a number of functions can be 
introduced in the form of a non-linear potentiometer. 

When integral powers of a function are desired, either 
a potentiometer of the function or cascaded potentiom- 
eters can be used. For example, multiplying twice by 
the same quantity (two wipers on the same shaft) is the 
equivalent of multiplying by the square of the quantity. 

A convenient method of multiplying, dividing and de- 
veloping reciprocals is the use of precision variable auto- 
transformers. These are used in much the same manner 
as potentiometers. For multiplication, the voltage (con- 
stant or variable) is applied to the whole winding of 
the first autotransformer. The shaft and wiper arm are 
positioned (manually or by servo) to an angle position X. 
The output voltage X is applied across the whole of 
the second transformer, whose shaft and wiper arm are 
positioned (manually or by servo) to an angular posi- 
tion Y. The output from this transformer is the product 
VXY. Obviously, further multiplication could be accom- 
plished by cascaded autotransformers. As these compo 
nents are not as susceptible to loading errors as are 
potentiometers, they can be cascaded to a greater extent. 

For division, the voltage (constant or variable) is also 
applied to the whole winding of the first autotransformer. 
The shaft and wiper arm are positioned (manually or by 
servo) to an angular position X. The output voltage VX 
is applied to the wiper arm of the second autotransformer. 
whose shaft and wiper arm are positioned (manually or 
by servo) to an angular position Y. The output from this 
unit is the product VX divided by the divisor Y or VX/Y. 
The step-up ratio of the second autotransformer should 
not exceed 6:1. Further multiplication and division by 
cascaded autotransformers can be accomplished. 

To develop reciprocals, only one autotransformer is 
required. The excitation voltage V (variable or a con- 
stant) is applied to the wiper arm. The wiper arm and 
shaft are positioned at X angle (manually or by servo). 
The voltage across the whole winding is proportional 
to V/X. 

Reciprocals are readily developed by an arrangement 
using a linear potentiometer and servo. An excitation 
voltage V is applied across the entire resistance winding 
of a linear potentiometer. The voltage between the wiper 
arm terminal and ground and a reference voltage EF, of 
opposing phasing, are connected to a parallel adding net- 
work. The resultant differential voltage excites a servo- 
mechanism. This servomechanism positions the servo 
shaft and wiper until the voltage between the wiper and 
terminal is equal and opposite to the reference, voltage. 
The servo shaft position is then proportional to the recip- 

rocal of V. E is the proportional reciprocal of V in elec- 
trical analog form. 

If two variables or constants are in the form of shaft 
analogs. the quotient Y/Y Z can be readily solved 
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Basic Mathematical Operations Performed by Computers 




















Mathematical computer operations are developed progressively from 
t single potentiometers to inverse operations and implicit solutions. 
! 
y 
i. X voltage! 
| A 
| se inonater Z=XY Linear potentiometer for multiplication The 
n | F ; | voltage at Z equals the excitation voltage A 
Vv times the amount of shaft rotation Y, or Z - 
it ' Shoft : XY. This is frequently used to convert shaft ‘ 
. S rotation to an equivalent voltage analog : 
r E 
This is the “Electrical Sliderule”’ in its simplest 
T manual form. Assume that the product 4B is 
required. A is set on dial A. B is set on dial B 
)- Then dial C is rotated to find the null. At null 
condition EC EAB, dial C equals AB 
. x 
1e Function B 
\ non-linear een fe KEY In a non-linear potentiometer, the resistance 
potentiometer R between slider and reference terminal is a 
e- : J Y function of shaft rotation Y, or R , CxS 
hoft q Therefore Z BF OE). 
, © 
Pr F 
n- Servo computer in its simplest form. The servo 
amplifier PWR is connected so that it drives 
of the servo motor until E( EAB, or ( AB. 
| At this balance condition, the amplifier input is ~ 
re | zero and the motor stops. 
of 
Cc 
re When two separate potentiometers are supplied 
ss the same voltage W, the voltage at U WX 
s} 02 and the voltage at lV WY. The null meter 
ict { will read zero when U lV’. Under these con 
| ditions WY WX or Y X. As Ra + Rb 
m- Ry and Ri Rd Re, then Ra/Rb = Rd/Rd 
at null condition. Note that the value of HU - 
oO is not critical. + — 
re 
, SG 
nt. Squaring. If two potentiometers are driven by 
the same shaft, E is multiplied by A to give 
oO EA and multiplied again by A to give EA2 
er. At null E¢ EA2, ( A2, 
by | 
X | Wx | _ Oo E 
er | WXY=2Z A number of multiplications can be performed = 
. simultaneously by means of two or more cascaded 
or —__+—_-—_*-;-—__ potentiometers. Here the product WX is further 
. ix ly multiplied by Y to give WXY. Loading errors 
his ® & limit the number of direct cascades. A 
/Y. 
uld 4 
by Servo used to maintain the balance E( EA? 
rr ( A, This is the same as (F) below, but 
with A R 
is 
on- } 
and 
oO}. 
nal using two linear potentiometers and a summing ampli- c—By using non-linear elements, such as logarithmic 
fier set for high gain. The first potentiometer is excited potentiometers or squaring potentiometers, to solve these 
lent by the reference voltage E. The second potentiometer is equations: 
ion | excited by the output Z of the high-gain amplifier. The lene: = loge + lee 
ling | input to this high-gain amplifier consists of the wiper-to- ry = \wl(x + y)?? — (2 — 2] 
inal v > firs ‘ntiometer in series io ies . . 
iper terminal voltage X of the first potentiometer in ser d—Multiplication by integration: 
. of opposition to the wiper-to-terminal voltage Y of the f : 
net- 4 second potentiometer. The output of the amplifier is ry J: dy 4 | wads 
rvo- Z= X/Y. ‘ 
PTVO Other methods of performing multiplication and divi- e—Ohm’s law circuit. 
and sion, either by a constant coefficient (scale factor) or by f{—Mechanical methods, such as logarithmic cams and 
age. a variable are as follows: linkages. 
-cip- a—Induction potentiometers; essentially synchros with Division is frequently accomplished by means of mul- 
elec- a linear voltage-to-shaft angle relationship over small tiplication. For example, X = Y/Z is algebraically 
angles. identical to the form XZ Y = O. This is readily solved 
haft b—Variable gain amplifiers: for example, using a vari- by setting up a servo multiplier to drive a potentiometer 
blved able-mu tube or variable feedback resistor. to position X. This potentiometer is excited by a voltage 
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\ulumatic servo version manual 
circuit shown in (( previous page. This ar 
rangement is commonly used for followup and 
1utomatically ——---—_—__- -- 
proportional t \ 
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as a positional servo because } 


assumes an angular position | 
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Conversion of voltage analog X to an equivalent shaft rotation analog 
At balanced condition, X EY, where E can be considered a scale factor 
This is known as an “identity operation,’’ which is converting a signa 
from one analog form to another 





L 
Positional servo using synchro followup. This arrangement is similar 
(J) except that synchros ure ised 11 place ft potentiometers f 
positional reference 
hott 

x 

neat 

pu 

voltage 
M 
Integrator (rate) servo. The input signal causes the servo amplifier t 
drive the motor generator at such a rate that the generated voltage 


almost equal to the input voltage. Therefore, the rpm (rate) of the output 
shaft is proportional to the input signal. The number of revolutions 
the output shaft is proportional to the time integral of the input sigr 


proportional to Z. The servo is excited by the voltage 
from the wiper to the terminal connected in series op- 
position with a voltage Y. If the potentiometer is properly 
geared, so as to reduce the net input signal, the poten- 
tiometer wiper will be positioned to the X analog of Y/Z 

Many effective computers can be evolved from bridge 
circuits. The bridge techniques provide simple accurate 
methods for multiplying, dividing and adding, simul- 
taneously, with a minimum of components. The resultant 


X WY/Z can be readily 


solved. as can 


where any term can be variable. constant or a non-linear 
function. 
All but 


up the bridge are set to 


Basically, a bridge computer is used as follows: 
one of the potentiometers makir 
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Totalizer A timing motor operates at constant speed whenever switcn 
is closed. The number of revolutions of the output shaft is therefore 
proportional to the total time the switch is closed 


Ww 





Pp 

Jalanced-bridge computer This is essentially the same as (C) |} 

the form of a bridge circuit. When balanced, Ra/Rp» = Re/Ra, Ra equa 
resistance trom top of potentiometer R1 to wiper arm. Rb is the resistance 
from the wiper arm of R1 to the bottom. Re equals resistance from toy 
of potentiometer R2 to wiper arm. Ra is the resistance from the wipe: 
irm of R2 to the bottom. The bridge excitation voltage W is not critical 
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ind drops out of the balance relationship 
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Same bridge circuit as shown 1 P) but with the resistances replaced 
y separate iriable resistors. At null, Ra/Re Re/Rpv; A/B D 
Therefore A BC/D: B 12D ( 1D/B: D BC/A 


represent a factor. The remaining potentiometer is driven 
by a servo excited from the null points. As long as the 
bridge is unbalanced, there will be a voltage at points 
n-n causing the servo to drive the balancing potentiom- 
eter for zero voltage at n-n. When a null condition exists. 
the servo shaft position is proportional to the sum of 
the resistance in leg W times the sum of the resistances 
in leg Y, all divided by the sum of the resistances in leg Z. , 
Differentiation and Integration. Differentiation of | 
a shaft position is readily accomplished using a rate 
generator or tachometer, in which case the developed 
voltage is proportional to the rate. If the shaft.is part of | 
a velocity or rate servo, the voltage developed by the 
feedback generator is automatically the rate, or first [| 
derivative of shaft rotation. A rate generator is excited 
by an a-c reference voltage. At standstill, no voltage ap- 
pears at the output terminals. However, rotation of the 
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Servo computer version of the manual balanced bridge computer, sketch (QO 
Here the servo keeps the bridge balanced (at null condition) by varying Rp 


Ai + Az Ci + Cs 
When N = QO, 


B dD 
B(Ci + ©» 
Theretore D = 
Ai + Az 
This bridge arrangement permits summing, multiplying and dividing simul- 
taneously. Commonly B I, Gs 0, Ag 0 


A : Motor ( 


, (- r 
iS. W... -—-—+ 


i ce) a 


| 
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lw 


S 
This circuit permits voltage analogs to be multiplied and divided. When 
lividing voltage A by voltage B, the resultant is either shaft rotation S o1 
voltage C. When multiplving voltage 1 by voltage D, the resultant 
se voltage C 
W voit mmir 
J  . e 
Jn > r{] 
x ’ 
& & 
High-gain ampliner (summung type withot eedbacl level volts 
utput so that WX is approximately equal t ie OF 4 ap matel 
equal to WX/Y. Note that a servo is not required to multiply and divide 
It W voltage is unity, X shaft notation divi 1 by haft notatior jual 
Z voltage. 
rotor displaces the excitation field so that a voltage 


proportional to the rotational velocity becomes available 
at the output. 

To determine acceleration, the rate signal as discussed 
in the previous paragraph can in turn drive a positional 
servo. The rate of this second servo will be proportional 
to the acceleration of the first. 

An alternate method of determining the acceleration of 
a shaft directly is by means of an acceleration generator. 
This generator is essentially the same as a rate generator, 
but is d-c excited. The field developed by this d-c 
excitation is disturbed by the rotating rotor, as was the 
a-c field. If the rate is constant. the d-c field disturbance 
is constant. As a relative field motion is necessary to 
induce a voltage in the output coil (developed by the 
alternating current in the rate generator), there will be 
no output voltage. However, if rate varies indicating ac- 
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» roots. When it is necessary to find X 


divide one shatt rotation 


the form of a shaft rotation analog, WYZ is equated to WX by the 
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VY, it is easier to solve 
Y. Here ENX3 is equated to EY by the servo so that X3,= Y. 
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W ~~ D2 ser 


. O 


x Y 


analog by another, and obtain the result 


At <uch time YZ & oF -2 = -Ar¥ 
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ge 
Basic autotranstormer circuit for multiplying t 
voltage analog by a shaft rotation analog ¢ 
2 
E> * 
Xx 
Busic autotranstormer circuit for division of a 
Itage analog by a= shaft rotation analog 
re re developed when Y is unity 
te tl variable transformers may be used 
1 : 
ltage step-up applications, unlike potenti 
y ters which are limited t voltage reducing 
Y 2 eat 
be 
, e" ible transformers can be used 
place of potentiometers. Variable transform 
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iriable transformers. Up to five transformers 
cascaded without excessive loading 


celeration, the d-c field disturbance varies accordingly. 
These relative field motions develop an output voltage 
proportional to the acceleration of the shaft, which is the 
second time derivative. 

Mechanical integration can be accomplished by means 
of a ball and disk integrator. Thus, integration by elec- 
trical means is readily performed by a rate servo. By def 
nition, the rotational velocity of a rate servo is directly 
proportional to the excitation signal. The total number 
of shaft revolutions is therefore proportional to the time 
integration of the input signal. 

Other methods of integrating and differentiating are: 

1—Use of accelerometers. 
2—Use of watt-hour meters. 
3—Integration of one variable with respect to another. 

using a rate servo plus an additional rate generator 
and potentiometer for the X variable. 
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1—Gyroscopes: integration by accumulated precession 
due to force X, and rates by precession forces due 
to rate X. 

5—R-C electronic methods for fast operation. 


Discrimination and Limiting. Discrimination and 
limiting is usually accomplished by means of a discrimi- 
nator unit described in the previous article. In addition, 
the following methods of discrimination are used: 

a—Current discriminators, consisting of magnetic am- 

plifiers. 

b—Frequency discriminators, consisting of tuned cir- 

cuits wherein data are represented by frequency. 
c—Time-interval discrimination, where data are rep- 
resented by time intervals. 

d—Phase discrimination, where data are represented 

by phase shift, with or without an amplitude data 
representation. 

Triangulation and Resolution. It is frequently nec- 
essary to solve problems that involve right triangles; that 
require resolving signals into their components at various 
coordinates; that call for rotating vectors or transform- 
ing coordinates. These operations can all be accom- 
plished by means of a synchro-resolver.* 

A synchro-resolver is similar to the conventional syn- 
chro-transformer. However, instead of having three-phase 
stator windings, this unit incorporates two separate wind- 
ings 90 deg apart, similar to the construction of a two- 
phase a-c induction motor. Also, instead of the single 
rotor winding of a synchro, the resolver has two mutually 
perpendicular rotor windings. By design and manufac- 
ture, the mutual coupling between resolver rotor and 
stator is a precise sinusoidal function of the shaft angle. 

If an a-c analog-computer signal Z is applied to a re- 
solver stator winding. the two rotor coils are effectively 
on the X and Y coordinate axis. Therefore, the voltages 
developed by the rotor coils are proportional to the X and 
Y components of Z at angle 6, the resolver shaft angle. 
Signal Z is the hypotenuse of a right triangle having sides 
X and Y. Assuming that voltage Z at shaft angle 6 is 
the polar form of a vector, the X and Y components are 
the transformation from a polar to a rectangular system 
of coordinates. 

Because the rotor coils are on the X and Y axis, rotat- 
ing the shaft by angle & develops the X and Y compo- 
nents at the new coordinate axis, 6 + «>. This is tanta- 
mount to the rotation of rectangular coordinates. The 
voltages across the X and Y rotor coils are proportional 
to the cosine and sine of the shaft angle respectively. times 
stator excitation Z. 

If a-c analog computer signals XY and Y are applied to 
the X and Y rotor coils, a resultant a-c magnetic field 
develops. A null-seeking positional servo driving the re- 
solver shaft, would place a stator feedback winding in 
the zero voltage position, at right angles to the resultant 
magnetic field. The second stator winding, being per- 
pendicular to the first, will then be parallel to the re- 
sultant magnetic field and, thus, produce resultant volt- 
age Z which is proportional to the hypotenuse of a right 
triangle having sides X and Y. The voltage Z at shaft 
angle @ is the polar transformation of rectangular co 
ordinate components X and Y. 

Resolvers can also be used to develop a phase shift 6. 
equivalent to the resolver-shaft angular shift. Assuming 


*See 
1953, P 


“Application Factors for Resolvers.”’ Evecrrican Manuracrurinc, March 


128. 
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the X and Y stator windings are excited by equal a-c 
signals, 90 deg apart, a rotating magnetic field is set up. 
The phase of any voltage Z developed in a stator coil is 
proportional to the resolver-shaft angular position. 

It is customary to excite resolvers by booster amplifiers 
(which are unity gain summing amplifiers) rather than 
directly from the a-c line or computer signal source, 
such as a potentiometer. This avoids excessive loading 
of the signal-voltage source. It also provides an essen- 
tially constant servo feedback voltage, regardless of the 
shaft position. 

Other useful methods for operating on vectors, triangles 
and coordinates, are as follows: 

1—The squaring method, consisting of solving for the 
sides of right triangles by the theorem X? + Y? Z2. 
This requires squaring, summing and square-rooting de- 
vices. These are either function-wound or loaded poten- 
tiometers in bridge circuits. Mechanical components can 
also be used. 

2—Electronic methods using squaring tubes, pulse 
length systems, saw-tooth systems or phase-shift systems. 

3—Use of sine and cosine potentiometers. These con- 
sist of potentiometers whose resistance vs shaft angle is a 
sinusoidal function. Or, it may consist of a linear winding 
on a flat square card. Wipers traversing across the square 
face in an are develop a sine of cosine resistance function. 
Mechanical sine and cosine generators can also be used. 

t—Use of logarithmic potentiometers or mechanical 
cams. 

To generate special functions. a number of methods 
are used, including: loaded, tapped potentiometers; non- 
linear feedback resistors used with summing amplifiers: 
specially wound potentiometers; bent wires traversed by 
mechanical cams and lines drawn 
on charts for photoelectric tracing. 


linear resistance wires: 


Industrial Applications. It will be helpful at this 
point to envision some areas of machine operation where 
small analog computers could serve as control elements. 
Some possibilities are listed below: 

1—A machine’s self-correction function can be based 
on its average (X) performance, computed from auto- 
matic. continual sampling of its product. If X is the 
critical dimension and n is the number of items sampled. 
=X /n is the mean or average. X. 


2—For quality control purposes, it is often desired to 
find the dispersion of the sampled variable about the 
mean X. An index of this dispersion is the standard 


deviation, obtained from 
[5X2 
ee 

~ 22 
X and 6 can be solved by a computer simultaneously. 

3—A part between machining operations can be auto- 
matically indexed (or stored) by having a computer 
evaluate the necessary accelerating or retarding forces 
that must be applied to the part, based on mass, instan- 
taneous velocity and desired station. 

1—A process may be automatically “optimized.” by 
having a computer solve maxima-minima relationships of 
the process. The solution could define how to use least 
amount of stock for a product of varying dimensions. In 
this way “custom” designs could be produced as readily 
as stock items. For example, the computer could compute 
the least dimensions of a section for a desired shear and 
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Fig. 8—Typical Mathematical_ Block Diagram. Here the sta- 
tistical quality control terms X and 5 are developed from con- 
tinual transducer measurements of the product variate X. Each 
mathematical operation is shown by a separate block. Computer 
“single-line” diagrams and simplified computer schematic 


deflection loading and control the machine to meet these 
dimensions. Or, the least material for a container of de- 
sired volume could be computed and the most efficient 
layout made automatically. Varied sizes of stampings 
could be automatically oriented on standard size stock 
sheets for the minimum waste. The maximum rate of tool 
feed, compatible with desired quality and normal wear 
on the tool, could be computed for varying cutting speed. 

5—Automatic sine bar-type surface plate inspections 
of gears and threads could be built into a machine, using 
a trigonometric computer. 

6—A computer could be used to solve simultaneous 
equations for automatic selective assembly (parts not 
directly interchangeable), resulting in opening up manu- 
facturing tolerances with the resultant savings. 

Design Procedure. The end purpose of the small 
analog computer is the control of an industrial machine. 
Therefore, the basic concept of the machine and its func- 
tions determines the characteristics of the computer. It is 
impossible to predict what the computer requirements 
of a piece of equipment will be until the mechanical 
design has achieved some definite form. However, it can 
be assumed that any given machine will require one or 
more of the following control operations that could be 
handled by computers: programming: machining; trans- 
portation (positioning of work and tools); determina- 
tion of product variables; and inspection. 

The first step in the design of a computer control is to 
study the tentative specifications and descriptions of the 
desired machine operations. From this, the flow diagram 
can be drawn. The purpose of the flow block diagram 
is to show all major machine functional elements, and 
the flow of control and data signals. Knowing the func- 
tions and control “flow” of the machine, the equations 
can be written. These are the simplest mathematical 
representations of the desired control functions. 

Some equations are simple direct proportional rela- 
tionships. These do not always require a computer, but 
can in most cases be handled directly by a power-servo 
machine-control system. Other equations pertain only 
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diagrams are developed by replacing each mathematical block 
by an appropriate arrangement of computer elements for the 
mathematical operation indicated. The computer arrangement 
is refined and simplified to develop the optimum computer, 
as shown on a computer service schematic diagram. 


to straight time functions, such as sequencing. These are 
usually handled directly by the automatic programmer, 
sometimes with the aid of timers. Timers are in a sense 
computers, but are usually considered programming ele- 
ments. However, if the timer programs the computations, 
it can be considered as either type of element. 

Most equations that are not directly proportional or 
mere time functions will require a computer solution. 
These equations must first be arranged in the proper 
order. If an equation that must be solved has only one 
term involving the unknown, this term should be equated 
to the remaining terms. This is the arrangement for an 
explicit solution, which is usually the most straight for- 
ward approach. Of course, an implicit relationship can 
be used if the explicit method is awkward. The unknown 
is the function or solution desired from the computer. 

In the conventional explicit approach, as above, all of 
the independent variables (control and feedback signals) 
are obtained as computer inputs, in the form of either 
voltages or shaft rotations. The necessary mathematical 
operations are performed on each input, then all of the 
terms are combined in the manner dictated by the 
equation. The result of combining the terms is an identity 
to the unknown (equal to it). Note that an independent- 
variable input signal for one computer may very likely 
come from another bite size computer, where it is a 
dependent variable. 

If the equation to be solved has more than one term 
containing the unknown, it must be handled somewhat 
differently. This is because forcing the equation to 
present the unknown in explicit form will usually result 
in needless complications. There are several ways of 
handling equations containing more than one term with 
the unknown. 

One way is to arrange the equation into a convenient 
identity to one of the terms containing the unknown; let 
us say the term containing the highest order of the 
unknown. Mathematical operations are used to generate 
the various terms, and they are combined to form the 
highest-ordered term. However. in addition to the usual 
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variables needed to develop each term, the unknown 
itself, or a function of the unknown, is needed. To get 
this, the inverse mathematical operations of the term are 
applied to it to develop the unknown function which is 
then used as an input to the various lower-ordered terms 
by means of feedback loops. 

Another way of putting it is that a solution of the 
highest-ordered term for the unknown (when this term 
is set up as equal to the remainder of the terms) is used 
as an input variable to generate the various lower ordered 
terms. This is often much simpler than an equivalent 
solution using paper and pencil. Of course, if a function 
of the unknown rather than its simplest form is desired, 
the operation can be directed for this desired function: 

Simultaneous equations are often encountered. As a 
rule, each equation is solved by a separate analog com- 
puter, all within a single frame or rack. The computer 
systems are then interconnected, so that they solve for 
the unknowns simultaneously. If at all possible, each 
unknown should be expressed in explicit form, though 
if this is not done, it does not preclude a solution. 


Let us say there are three unknowns: 


I 


f(y) + fiz) 
y = f(x) + f(z) 
z = f(y) + f(z) 

Three bite-size computers are used to solve for x, 4 
and z. The solution for x is an input to the y computer 
and the z computer. The solution for y is an input to 
the x computer and the z computer. The solution for z is 
an input to the y computer and the x computer. 

With each computer, of course. are generated the nec- 
essary functions of the unknown variables, the known 
variables and constants. Once the form of the equations 
are about right, the mathematical block diagram, Fig. 8. 
can be developed. The equation can always be rearranged 
to form more amenable to automatic solution, when so 
indicated by later design steps. 

Mathematical Block Diagram. These are used to 
illustrate how the individual mathematical operations are 
broken down to facilitate computer solution. Each square 
block represents only one mathematical operation. The 
mathematical symbol of this specific operation is drawn 
in the block. Constants, scale factors or any term or 
variable that comes from a control or transducer, are 
shown as circles with the symbol representing them 
drawn within. 

Inputs that are variables or functions that are from 
other computers are written directly above the proper 
block bearing the operational symbol and are connected 
to the -block by an arrow, symbolized an input signal. 
Arrows are also used to connect the various inputs and 
outputs of each circle or block. The function resulting 
from an operation is written on the arrow leaving a block. 

As a starter, terms to be subtracted are changed in 
sign and added. Division is shown by forming the recip- 
rocal of the divisor and then multiplying. To check the 
correctness of the mathematical block diagram, it should 
be possible to recreate the original equation by noting 
the input variables and constants, tracing them to blocks, 
and observing the mathematical operations shown by 
the individual blocks. 

The computer block diagrams are developed directly 
from the mathematical block diagrams which represent 
the equations to be solved. The mathematical block dia- 
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gram is needed only briefly at the earliest stages of 
design; the computer block diagram is referred to con- 
tinually, until design is finalized. Consequently, the 
unqualified term “block diagram” is used to mean the 
computer block diagram. 

The block diagram is developed mostly by experiment. 
ing with various methods of performing the desired 
operations. It must usually be drawn and redrawn many 
times to work out an optimum arrangement. The block 
diagram representation is functional. It shows the units 
that are used, such as servo amplifiers, discriminators, 
summing amplifiers, etc., and the rotatable components 
such as potentiometers, synchros, motors, generators. 
These are arranged to develop the desired operation such 
as positioning, integration, division, etc. Mechanical con- 
nections are shown by broken lines, and control signals 
are shown by solid lines. 

Early versions of block diagrams do not show details 
such as scale factors, input resistors, or ground lines. 
Later versions of a block diagram approach the sche- 
matic in form. Details such as plugs, connectors or wiring 
are not shown, but control signal lines bear symbols, 
scale factors are shown in balloons, gear ratios are 
shown on mechanical drives, and ground lines and 
reference voltages may be shown also. 

It is always necessary to consider how to simplify the 
computer by combining functions: how to use easier 
methods of developing a function; and what type data 
representation is best—shaft rotation, voltages or other 
analog forms. 

If more than one term of a sum has the same mul- 
tiplying factor, these terms can be added before they 
are multiplied as only one multiplication operation is 
thereby needed. Sometimes two variables and a constant 
must be multiplied and the result then added to other 
terms. A convenient way of doing this is to get one vari 
able in form of a voltage analog, the second variable ir 
the form of a shaft rotation, and the constant introduced 
by a suitable input resistor of a summing amplifier. 

\ positional servo (with generator feedback) can be 
used whenever it is desirable to have both a shaft posi- 
tion equivalent to an analog voltage as well as the first 
derivative of this analog voltage available at the same 
time. The generator voltage is proportional to the time 
derivative. 

Other points to watch when developing the computer 
block diagram are to prevent excessive loading of one 
component on another. Usually only two cascaded poten- 
tiometers can be used, and summing amplifiers should be 
inserted where necessary to isolate components and re- 
duce errors. 

Feedback signals must always be negative, and all 
critical input voltages must be exactly in phase. Small 
phase errors due to reactive effects of the cables may 
require balancing by means of phase-shifting capacitors. 
Scale-factor and error computations should be performed 
at this state of design and results recorded on the master 
working copy of the block diagram. The two design 
considerations are closely related. 

Each device (unit or component) in a computer has a 
maximum working range. The input to each device, how- 
ever, may have a different working range. The scale 
factor is the ratio of the device working range to the 
input working range. This is so even if the device and 
input operate on different forms of analog representation, 
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Fig. 9—This 3-way automatic gear selector automatically in- 
spects and segregates finished gears, and can stop the produe- 
tion machine when rejects appear. As designed, it represents 
the Ag order of automaticity. If it could readjust the production 
machine by servo control to correct its tendency to product 
parts out of limits, it would be Ay. Self adjustment based on 
automatic solution of quality control equations by analog 
computers would result in A; automaticity. (Michigan Tool Co.) 


such as voltages, shaft rotations, frequency, rpm and 
temperature. As a rule, scale factors should be as large 
as possible, to minimize “built-in” errors, but must not 
allow any working ranges to be exceeded. Scale factors 
may be introduced into the computer as gear ratios. 
voltage divider networks, or gains. 

Let us say an input variable is converted to analog 
form. The arithmetical ratio of the numbei of analog 
units per unit of the variable is the scale factor, in this 
case. If a control can be used over 1000 deg and the 
voltage analog is 25 volts, the scale factor would be 
25/1000, which equals 0.025 volts per deg. In a computer, 
it is frequently necessary or desirable to perform an 
“identity operation,” which is an operation that does not 
change the mathematical quantity represented. This per- 
mits devices handling data of any analog form or level 
to be connected to devices handling the data at another 
analog form or level. These identity operations depend 
largely on the proper scale factors. One case is where 
a mathematical quantity representation is changed from 
one analog form to another. If the range of the signal 
is 20 volts, and it is to be changed to a shaft rotation 
with a maximum usable range of 4800 deg, the scale 
factor would be 4800/20 or 240 deg per volt. 

Another familiar case of “identity operation” is where 
gear ratios are involved. If an analog shaft of 12,000 
permissible deg of rotation is to drive a potentiometer 
with 300 deg between usable limits, the scale factor 
(which is the gear ratio) in this 
12,000/300, or 40 to 1. 

It is also commonly necessary to change the analog 
voltage level. This occurs, for example, when an analog 
voltage with a range of 20 volts is to be used as in input 
to an amplifier that can tolerate only a maximum input 


case would be 
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of 1 volt. The necessary scale factor here would be 0.05 
volt per volt. The permissible errors of each component 
and unit must be considered concurrently with the de- 
termination of scale factors. Each item is subject to 
tolerances and, perhaps, also to variations caused by 
operating conditions. 

For computing the probable error of the computer, the 
probable error of each item is considered to be 1% the 
peak error. The probable error for the entire computer 
is taken to be equal to the rms value of the individual 
errors divided by a factor of two. Errors can often be 
balanced out or compensated to a considerable extent 
by proper circuitry. Obtaining computer operation within 
the required range of precision is not especially difficult. 
mainly because of the relatively slow computation speeds 
that are ordinarily used. 

Computer Schematic Diagram. The computer sche- 
matic diagram is the most advanced functional diagram 
used. It is developed directly from the most current work- 
ing block diagram, and is the basis for purchasing parts 
and building the bread board or prototype model of the 
computer. The diagram displays all components that 
make up the computer. Each of these items is in a box 
containing: 

a—Drawing numbers pertaining to that item 

b—Code letters revealing what rack or panel contains 

the item 

c—A symbolic representation of each plug, terminal 

strip or connector, including pin and _ terminal 
identification. 

The standard building block unit boxes contain the 
symbol for that unit. Servo shaft unit boxes contain 
semi-schematic drawings of the particular arrangement 
being used, and the code symbol of the particular shaft. 
The special unit boxes, and isolated component boxes 
contain schematics of the item. Unit-plug unit boxes 
contain full schematics showing all resistors, networks. 
and the values of the individual components. 

Scale factors may be shown, or omitted if they com- 
plicate the drawing. All input signals, reference voltages. 
computer signal grounds, control lines, feedback loops. 
etc., interconnecting the boxes are shown. For test pur- 
poses, a standard test setting of the controls is pre- 
scribed. and a table of voltages and shaft rotations at 
check points may also be offered. 

Bread Board Model. Before accepting the computer 
design as final. a “bread board” model must be tried 
out. The bread board computer uses, for the most part. 
the identical components used in the final version, but 
they are arranged on benches or temporary open racks 
for convenience rather than in cabinets. The cabling is 
informal at this stage, and instruments are connected in 
at test points. Also, the computer accessories, such as 
blowers, power supplies, remote control systems, auto- 
matic test systems, automatic alarm systems, if any, are 
improvised. 

Once the bread board computer has been proved, the 
prototype is begun. The prototype includes all acces- 
sories, such as power supplies, alarm systems, blowers. 
etc., which were mocked-up initially. Now, the computer 
is ready for the real test—the control of the industrial 


machine for which it was designed. O00 
@ @ @ To secure one reprint copy of this article without charg: 
circle No. 231 on card in the Reader Inquiry Service, preceding back 
cover. 
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TODAY'S DESIGN An ELecrricaL Manuracturinc STAFF REPORT 


Electric Heaters Cut Drying Time 
in Bookbinding Machine 


Hand assembly and board presses eliminated by use of automatic 
conveyor system and heat drying of adhesive. Ironing 


effect of heating elements forms hinges and bonds cover assembly. 
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COMPLETELY AUTOMATIC book production has been suc- 
— furthered by a new book assembly machine, 
Fig. 1, designed by the de Florez Company, Inc., New 
York a for the Dexter Folder Company of Pearl River. 
\. Y. Basic design objectives set up were: (1) Elimi 
nation of final hand assembly operations, Fig. 2; (2) in- 
creased production; lower operating costs: (4) fewer 
rejects: (5) better appearance. 

Basically, a book is constructed of two main assemblies. 
The first assembly consists of a series of signatures 
usually 32 pages apiece—-that are stapled or sewn to- 
vether. The second assembly. known as the case, com- 
prises the fabric outer material and three heavy pieces 
of cardboard—a narrow piece for the back and two simi- 
lar pieces for the cover. 

Just prior to final assembly the signatures are passed 
through a casing-in machine where a polyvinyl acetate 
base adhesive is applied to the back and sides. and 
case glued lightly in place. The whole assembly is then 
inserted into a crude press where the hinges are formed 
and ironed and the signatures permanently glued to the 
case. As shown, each layer of books is separated by a 
board with a raised lip around the sides to form the 
hinges. Because of the 4- to 12-hr drying time required 
considerable floor space is needed. 

Essentially the problem of redesigning this operation 
for automatic production consisted of providing some 
type of heat sealing to form and iron the hinges and to 
decrease the comparatively long drying times involved. 
Means also had to be provided to select the proper heat- 
ing temperature as related to the type of adhesive used 


and to control temperature at the point of application. 
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Operation. An operator stationed at the feed end of 
the machine receives books from the preceding casing-in 
machine and squares the signatures in the case. Books 
are then placed on the feed tables with the backs up and 
pushed forward until gripped by the two rubber-faced 
endless conveyer belts, Fig. 3. To provide a tight bond 
between signature and covers the belts are initially posi- 
tioned to provide a pressure of about 7 psi. The book 
hinges travel between electrically heated “nippers” which 
form and iron the hinges and dry the adhesive applied 
by the casing-in mac shine. 

The standard machine handles books ranging from 4 
in. to 21% ¢ in. thick and 31% in. to 9 in. wide with no 
limitation on ek Production rates as high as 2600 
books per hr have been achieved: however, rates are 
usually limited to 2200 per hr because of the lower 
capacity of the casing-in machines in the lines. Books 
built-in by the new machine have a better appearance 
than those manually produced, there are fewer rejects 
and costly in process handling is virtually eliminated. 

Construction. The machine is composed of six major 
assemblies as follows: Heating element, conveyer belt. 
drive, book size adjustment, electrical control, and base. 

The heating element assembly consists of ten Nichrome 
resistance bars, or nippers, mounted five on a side and 
connected in series by Dossert flexible braided copper 
cable, Fig. 4. Bars are annealed after machining and 
contact areas silver plated. End connections to the power 
transformer are made through Burndy connectors and 
Lincoln Electric Stable Are cable. Each bar is spring 
loaded to provide a firm, even pressure on the book 
hinge and is pitched slightly outward on the feed end 


ot ae ae cies 
Fig. 2 Pierlously ened assembly Cita re- Pet 
quired bonding of books in space-consuming By 
gravity presses. Hinges are formed by metal a 
strips around press boards. 1 ie" 


Fig. 3—Start of automatic assembly opera- |: 
tion. Distance between rubber-faced con- __ 
veyer belts is adjusted to. peered A 5. 
pressure of 7’psi on book covers. ; 
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v facilitate hinge entry as the book is conveved through 
he machine. 


Sets of both wide-edge and knife-edge nippers are sup- 


plied with each machine to accommodate different hinge 
styles. Changeover time is about 15 min and is accom 
plished simply by removing the braided cable and un 
screwing four 144-turn Dzus fasteners in each nipper. 
Temperature of the nippers is controlled by six thermo 
stats, factory set to provide temperatures of 200, 250. 
300, 325, 350 and 375 F. Temperature selection is a 
function of adhesive consistency and speed of the ma 
chine, and is controlled by an Ohmite tap switch, Fig. 5 
Current is supplied at 150 to 200 amp and 12, 14 or 16 


volts from an Electro-Matic power transformer. Resist 


110 volts 






220 voits 


Resistance heaters 


Thermostats 


Contre! circuit Power circuit 


Fig. 5—Thermostat and heat- 
ing element control circuit. 


Fig. 6—Conveyer belt assembly. Vertical 
support is provided by ball bearings 
mounted on every third pressure plate. 






















ance of nippers varies randomly from 0.07 to 0.09 ohm 

Pressure Conveyor Belt. As shown in Fig. 6, each 
conveyer belt consists of a matched set of roller chain: 
and vertical support bearings mounted on a series of par 
allel, rubber-faced steel plates. Pressure plates are ma 
chined from SAE 1010 cold rolled steel, #4 in. thick 
and faced with rubber strips of 25 to 35 Duromete: 
hardness. Strips are bonded to the steel in cavity molds 
Power drive consists of matched strands of Link-Belt 
114-in. extended-pitch roller chain with special Torring 
ton needle bearings in place of the conventional roller 
bushings. The chains are fastened to the back of each 
pressure plate by side plates mounted on the inner race 
of the needle bearing. To provide vertical support for the 
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Fig. 4 (left)—Heating elements (arrow) are 
held to insulators by four 4-turn Dzus fasteners 
as shown. Pressure on hinge is controlled by 


adjusting spring-loaded pins at both ends of 
heater assembly. 


°’ 


Fig. 7 (right)—Close up of drive aud conveyer 
lateral adjustment assembly. Extra width of corner- 
mounted drive pinion permits transverse move- 





ment of spur gear without disengagement. 


Fig. 8 (below)—Motor, speed reducer and overload clutch 
assembly. Roller chain connects to transverse drive shaft and 
corner-mounted pinion shown in Fig. 7. 








~ conveyor, ball bearing assemblies are screwed and staked Adjustment. Adjustment for various book widths is 
oh to every third plate. accomplished by controlling the height of the feed table 
ns Each conveyer is driven by a pair of sprockets (Fig. 1) through a worm gear and rack and pinion 
ur mounted at the outboard end of the machine, Fig. 7. system. A shaft running the length of the machine con- 
2 Also shown is the angle that supports the large con- nects to a similar gearing system mounted below the 
h veyor rollers. A similar angle is provided down the — outboard feed table. Consequently, when the inboard 
er center track. The two parallel bars located above and feed height is adjusted the outboard height adjusts a 
Is below the channel contact the matched pair of conveyer like amount automatically. To offset possible misalign- 
elt roller chains. Bars are machined from 1018 cold-finished ments and prevent books from hitting the table lip. the 
10 steel. A set of similar bars is located down the center outboard table is permanently offset 4g in. below the 
ley track; however, because of the higher contact forces height of the infeed table. 

ch exerted on the inside bars (due to book pressure) these Adjustment for various book thicknesses is made by 
ce tracks are machined from 440C stainless steel, hardened lateral displacement of the complete left-hand conveyer 
he to Rockwell C 60. Bar size is °& x 1 in. and is continuous 


except for a 9 in. section cut out of one of the tracks 
at the feed end of the machine. A pressure plunger 
mounted in this relief is linked directly to a Starrett 
indicator at the top of the machine and provides the 
operator with a means of recording the pressure exerted 
by the conveyer belt on each book. 

Drive Assembly. Power for driving the belts is sup- 
plied by a 2-hp, 1750-rpm Star-Kimble motor mounted 
below the machine, Fig. 8. The motor, through an 18:1 
Winfield H. Smith worm gear speed reducer, drives a 
transverse counter shaft at the discharge end of the 
machine. As shown in Fig. 7, pinions at each of this 
shaft drive two Boston spur gears which, through a set 
of bevel gears mounted in the enclosed gear box, trans- 
mit power to the vertically mounted conveyer sprockets. 


assembly, Fig. 1. When the handwheel is turned, three 
transverse threaded shafts beneath the conveyer are ro- 
tated together by means of the longitudinal roller chain 
shown. This rotation is then transmitted to three upper 
transverse shafts through another set of roller chains 
mounted on the other side of the machine, Fig. 7. All 
six shafts are supported by threaded bushings mounted 
on the movable conveyer. Thus, when the shafts are 
turned transverse motion is imparted to the conveyer. 

Electrical Controls. Motor on-off, main line voltage. 
and thermostat and heater circuits are controlled by three 
Cutler-Hammer switches mounted on the side of the arc- 
welded base, Fig. 1. Power transformer input is tapped 
from the thermostat and heater control switch; output 
is regulated by a Barkelew tap switch to supply voltages 
of 12, 14 or 16 volts to heating elements, Fig. 5. Power 


The pinions and drive shaft are machined from 1045 to the transformer is regulated by two Allen-Bradley 
: Steel. Overload protection is provided by a Carlyle relays as shown. When heater temperature drops below 


Johnson Maxitorg —verload clutch mounted on the output 
shaft of the speed reducer. Clutch can also be disengaged 
manually by the large plunger knob shown to the right 
of the motor control switch. Fig. 1. 
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a pre-set level, the thermostat circuit is closed and the 
time-delay relay energized. This relay in turn energizes 
the power transformer relay, closes the power circuit 
and energizes the transformer. O00 


157 
















LE TRG Tf 














JAMES R. DUNBAR 
G. H. LeLAnp, Ine 
Dayton. Ohio 


Rotary Solenoids 


for Actuation and Control 


Characterized by a high torque-to-size ratio these solenoids 


can be used as key elements to solve a variety of equipment 


design problems. Several case histories are detailed here 


NUMEROUS MANUFACTURERS OF automatic production 
equipment use rotary solenoids as actuator or control 
components. Several such devices are designed entirely 
around rotary solenoids, while others utilize a variety of 
actuating mechanisms. Choice of components depends 
upon the job to be done. Although each type of actuator 
has its own particular characteristics, the majority have 
common capabilities. In the final analysis, economies 
plus engineering will decide the issue. 

Basically, the rotary solenoid is a compact electromag- 









rotation by mounting the armature on 
races. A precision-wound coil affords 
for the space available, as shown in the 
shows how with few moving parts, the 

com y designed. Amount of 


net with a ball race system which converts linear mag- 
netic pull into rotary torque. Figs. | and 2. Conversion is 
accomplished by three inclined ball races. The linear 
movement is produced by an electromagnetic pull on the 
armature, tending to close the solenoid air gap. In the 
closing movement, the armature .must rotate “downhill” 
on three ball bearings. Rotation continues until the balls 
reach the deep ends of their races. The combination of a 
very short air gap, to gain a strong linear pull, with steep 
start and shallow end ball race angles tends to equalize 


Stroke 









Stort 





Finish 


Fig. 2---Comparison of linear with rotary 
output curves illustrates the effects of 
converting the former to the latter. Pre- 
cision ball races, which reduce the high 
end of the linear curve, combined with 
a close air gap, raise the starting torque 
to much greater values. 
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_ Fig. 4—Close-up of the sorter shows a vibratory feeder on top 
from which the ceramic capacitors are directed to the sorting 











the starting and ending torques as indicated in the curves 

Rotary solenoids perform equally well for either ro- 
tary or linear motion requirements. An example of the 
latter is the solenoid application in the ceramic capacitor 
sorter illustrated in Figs. 3 to 6. This equipment uses 
the rotary device effectively. in a linear function, with 
two methods of linkage. In the first method, small trap 
doors are linked by a connecting rod to a crankpin on 
a disk on the solenoid shaft, Fig. 5. When energized, 
the solenoid pulls the trap away from the top end of a 
plastics tube. Other solenoids have special cams attached 
to their shafts to raise contact pins. 

The sorter operates completely automatically. Silvered 
ceramic disks are dumped into the bowl of a vibratory 
feeder, Fig. 4, and travel down an inclined track to the 
sorting table. Here, they drop into slots in the turntable 
and are carried first to the measuring position, then to 
a sorting tube. 

First to be affected by the measurement signal is a 
group of eight solenoids in the memory section, Fig. 6. 
These solenoids are mounted below a memory disk on 
equaliy spaced radii. The memory disk contains equally 
spaced rows of eight pins each, which protrude through 
the disk. Above the pins are contacts which are reached 
by the pins when raised. An input to one of these sole- 
noids causes it to raise the pin immediately above it by a 
cam plate. That pin will be synchronized in position with 
the capacitor that caused it to be raised. As the upper 
and lower turntables index around, the capacitor eventu- 
ally reaches a tube which corresponds to its tested classi- 
fication. At the same time, the memory pin closes the 
appropriate contacts below the table. This completes the 
circuit on the trap-operating solenoid at the sorting tube. 
The solenoid energizes. pulls back the trapdoor. and 
releases the capacitor into the jar of its tolerance category. 

Designers of this equipment have found that rotary 
solenoids. with proper linkage, give very satisfactory 





Fig. 3 (right)—Ceramic capacitor sorter shown with its elec- 
tronic measuring equipment. This unit can accurately measure 


q and sort up to 5000 components per hr. (Industrial Instru- 


ment Corp.) 


table. Eight plastics tubes terminating into glass jars represent 
eight different tolerance categories for the product. Fig. 5 
(center)—Open view of sorting mechanism showing trap- 


operating rotary solenoids. Ceramic capacitors fall into slots 
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results. Primarily, this is probably due to the high start- 


ing power and a more level torque characteristic through- 
out the rotary stroke. 


The same manufacturer also makes a tester, called the 
\uto-Bridge, Fig. 7, that automatically measures impe- 


dance of components and sorts resistors, capacitors, coils 


and other components, with unskilled personnel. In this 
application, rotary action is used directly. Rotary sole- 












im the muntalie und tse bodeasdiee & cae ae: 0 
appropriate position, a rotary solenoid pulls a trap and 
the unit into a sorting tube. Fig. 6 (right) “View 

table showing the memory mechanism. ee et ee 
are installed beneath the memory disk to raise 
close contacts for actuating the trap solenoids. 






























































noids are used to actuate magnesium doors in a sorting 
chute, and to operate the jaws of a test jig, Fig. 8. 

In operation, as soon as the unit under test is inserted 
into the test fixture, the switching circuit in the door 
control and switching panel is set into operation. The 
bridge is first switched to the ratio corresponding to the 
lowest limit. If the unit under test is lower than the 
lowest limit, a signal is given by an amplifier discrimi- 
nator circuit which operates the rotary-solenoid-powered 
ejector mechanism on the test fixture, but no door is 
operated. The test piece, therefore, slides down the chute 
to the tray at the bottom end of the chute. 

If the unit under test happens to fall into some other 
range category, the control circuit energizes the appro- 
priate door solenoid. As the unit drops into the chute, 
it will be guided by the door into a designated tray. 

In the automatic shell classifier pictured in Figs. 9 
and 10, rotary solenoids are used for still another method 
of production sorting. Here the solenoids actuate gates 
to divert small-arms shells into four weight channels. 
As the pieces drop onto the scale arm, Fig. 10, they are 
weighed for four classifications. Three channels indicate 
respectively “under,” “okay,” or “over” the desired 
weight. The fourth gate is needed for “failures.” As the 
scale arm drops under the weight of the shell, it will 
energize, through a photoelectric relay, the appropriate 
solenoid to actuate the channel gate for the proper classi- 
fication. 

Rotary relays are employed quite extensively in auto- 
matic control devices. The basic action of the rotary 
solenoid has been adapted to index gangs of rotary-wafer- 
type switches, Fig. 11. Torque is transmitted to the switch 
shaft through end-engaging ratchets. Each actuation of 
the solenoid indexes the switch rotors to the next contact 
position. Such an arrangement provides a stepping switch 
or circuit-selecting relay. 

The Color Television Supertester, Figs. 12 and 13, is 
designed around 40 such rotary relays. The unit is a 
high-speed automatic production tester for electronic 
equipment. It contains six precision bridges and can mea- 
sure resistance, impedance, a-c and d-c voltage, leakage 
current and continuity. 
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Fig. 7—Auto-bridge test stand with a 
view of the rotary solenoid which 
operates the jaws of a test jig. Parts 
drop into the jaws 
which close to con- 
nect the piece to 
the test circuits. A 
measurement is 
taken, the results 
of which cause one 
of the solenoids on 
the chute below to open a trap door. 
Then the jaws open, releasing the test 
piece into the sorting chute. (Indus- 
trial Instrument Corp.) 


Fig. 8 (right)—Tabular capacitor being placed into the rotary-solenoid- 
operated jaws of the test jig. By automatic operation, the jaws close on 
the component pigtails, hold it while the bridge measures its capacitance 
and the appropriate sorting door is opened, then drops it into the chute. 








The tester consists of two portions, the Superteste: 
itself, containing the measuring and control circuits, and 
the Adapter. The latter functions as a large selector switch 
which connects the proper leads from the unit under test 
to the input terminals of the tester. It then selects the 
value to which each measurement is to be compared, and 
directs the tester to the corresponding bridge. To test a 
different type of circuit, it is only necessary to plug in a 
different Adapter. 

The Adapter actually contains standard 12-position se- 
lector switches provided with slotted shafts which mate 
with driving shafts of the solenoid-powered units, located 
in the Supertester. As each switch performs ten tests, the 
10 rotary relays provide a full capacity of 400 tests. 

The tray holding these 40 relays can be seen in Fig 
13. Each relay has three switch decks. The first deck 
transfers the stepping action to the next succeeding switch 
after a switch has been stepped through its ten test posi 
tions. The second deck steps each switch to its reset posi 
tion on completion of the entire testing operation. The 
third operates the “Test Number” 
counter operation independent of everything except actu- 
ally stepping of the switch. 


counter, making 


By using additional trays of circuit selectors, the basic 
100-test capacity of the Supertester can be increased to 
as many as desired. 

\ rotary solenoid is also used to drive the eleven decks 
of the bridge selector switch. On receiving a signal at 
one of the six terminals in the Adapter, this switch turns 
to the corresponding position, connecting one of the six 
bridges into the testing circuits. 

In operation, the Supertester proceeds through the test 
sequence automatically until a fault is discovered. On 
finding incorrect circuitry or out-of-tolerance components. 
the tester stops. Its alarm buzzer and “Reject” light alert 
the operator. The instrument can also be made to energize 
equipment, provide input signals, and operate relaws and 
other equipment undergoing test. 

Because the device has the capacity for several test 
steps per second, extremely complex checks can be made 
in a surprisingly short time. As an example, in one parti 
cular application involving a relay control box, conven 
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Fig. 9—This cartridge shell classifier separates shells into various 
weight groupings. Shells enter the classifier through the tube at top 
and emerge at one of the four chutes at the front. (Toledo Scale Co.) 


Fig. 10 (right)—Shells drop upon the scale arm. As the arm drops, 
it passes through photoelectric exciter beams which cause various 
trap door solenoids to operate, depending on the weight of the shell. 


tional manual production tests requiring the use of a 
semiskilled technician consumed 21% hr for the comple- 
tion of the 300-step test. With the Supertester, using an 
unskilled attendant, the same tests are made to a greater 
accuracy and with the elimination of human error in 15 
min, including set-up time. During the automatic portion 
of this test, the attendant is free to handle additional 
units. 

Manufacturers of refrigeration equipment are now using 
automatic oil- and freon-charging equipment on their pro- 
duction lines to reduce charging costs and increase pro- 
duction. The charging equipment illustrated in Fig. 14, 
uses rotary relays to control this operation. 

One particular design of a charging machine is able 
to handle as many as 1500 refrigeration units a day as 
the refrigerators move on the assembly line. The ma- 
chine is set to handle different preset charges of oil and 
freon so as to accommodate eight refrigerator models of 
varied capacities. The size of the standard oil charge may 
vary from 0 to 60 oz, the standard charge from 0 to 45 oz. 
A refrigerator can be accurately charged with oil and freon 


Fig. 11—The rotary relay promotes switching of multi- 
ple circuits with individual units. Remote control of 
complex circuits is simplified with this type of switch. 
Disassembled view (right) shows a rotary solenoid- 
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to its capacity within + 14 oz. 

The basic cycle of the machine is: 

1. Select oil and freon charge. 

2. Connect charging gun. 

3. Draw a vacuum on the gun connector. Valve in 
charging gun opens when vacuum in gun balances with 
vacuum in refrigeration system. 

4. Deliver oil charge. 

5. Deliver freon charge. 

6. Disconnect charging gun and seal refrigeration unit. 

A Simplex automatic time stamp is incorporated in the 
charging machine. A rotary solenoid with a homing wafer 
switch to position a printing wheel is attached to the stamp. 
When the machine operator preseiects the proper amount 
of oil and freon charge for the particular refrigeration 
unit, the homing wafer switch causes the rotary solenoid 
to position the printing wheel of the recorder. The work 
ticket accompanying the refrigeration unit will then be 
stamped with the size of the charge, the date, and the 
time. 

The hand switch that preselects the oil and freon charge 





driven gang comprising rotary, wafer-type switches. 
Power is transmitted to the switch shaft through end- 
engaging ratchets. Each actuation of the solenoid indexes 
the switch rotors to the next contact position. 





Fig. 12 (right)—An adapter being plugged into the Supertester. This 
tester checks all types of electronic equipment automatically. What 
would normally take hours by manual testing is reduced to minutes 
with this instrument. Rotary relays are utilized to accommodate the 
tester for making up to 400 step tests. (Color Television, Inc.) 


Fig. 13 (below) —Forty rotary relays are shown installed 
in the Supertester. Each relay provides ten test steps, 


making a total of 400 available with the standard equip- 
ment. 





selects the end point of the charge. The rotary-type wafer 
switch, Fig. 15, has twelve positions, corresponding to 
twelve equal charges. When the end point of the charge is 
selected, for example, to be half of the maximum charge. 
the rotary solenoid will automatically step to the No. 6 
position so that six steps remain on the rotary wafer 
switch. Then, as the oil charge cycle starts, the oil flow 
through the volume meter driving the switch-actuating 
device steps the rotary solenoid through its six remaining 
steps to the end point, at which time the charge cycle is 
stopped. 

The freon charge is made by weight rather than volume. 
so as to eliminate the necessity for corrections due to 
temperature and pressure variations. The use of the 
weight-measuring principle rather than the volume prin- 
ciple has resulted in a simplified design and a lower-cost 
machine. 

In the freon charge cycle a preset weight of freon is 
allowed to flow from the storage tank into a small accu- 








mulator suspended on a balanced-beam weighing scale. 
Fig. 14. This refill operation is stopped when the flag 
on the end of the “fill” indicating arm on the scale dial 
interrupts a light beam to the “fill” photocell, thus estab- 
lishing the starting point for the freon charge cycle. 
The “charge” indicating arms on the scale dial have 
flags similar to the “fill” arm, but have a slightly shorter 
radius. The function here is to interrupt the light beam 
on another photocell during the refrigeration charge 
cycle. Each of the flags is preset.to a particular charge. 
and, as the flag passes the light beam. it pulses the rotary- 
solenoid-actuated stepping switch one step closer to the 
finish of the freon charge evele. 
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Fig. 14 (left)—A view into the back 
of a refrigeration charger showing the 
array of mechanisms required to auto- 
matically charge refrigeration systems 
with freon and oil. Two rotary relays 
on the circuit panel below control the 
amounts of charge. (Acme Aluminum 


Alloys.) 


Fig. 15 (right)—Close-up of a circuit 
panel showing the two rotary relays 
installed. One controls the freon 
charge and the other controls the oil 
charge. The charge is divided into 
12 equal portions corresponding to the 
12 relay positions. Each step of a re- 
lay installs a portion of refrigerant 
into the system. The total amount of 
charge is set by causing the relay to 
take a prescribed number of steps. 
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Role of an 
Environmenta 


ENVIRONMENTAL TESTING HAS IN RECENT YEARS become 
very important in specifications governing the manufac- 
ture of much electrical and electronic equipment.  Reli- 
ability at the environmental extremes of jet and missile 
flight has focused attention to an even greater degree on 
such testing. Particularly. attention is drawn to military 
equipment which is commonly exposed to environments 
such as low temperature and high altitude. Civilian 
equipment is exposed to the same design thinking insofar 
as environmental conditions are concerned. However, the 
same terms are not used nor is the emphasis as great 
hecause of the gradual change of seasons (environment) 
and the conditions of exposure are to some degree more 
controllable. 


JOHN CAMMARATA, Head, Environmental Department 
Research and Development Section 


ARMA Division, AMERICAN BoscH ARMA CORPORATION 
Garden City, New York 


| Department 


Personnel. With the acceptance of “environmentali- 
zation” as an important design factor there is the need for 
incorporating suitable design principles into equipment 
and proving them. Engineers must be trained in these 
concepts but, up to the present, there has been no formal 
training in engineering colleges. Most of the background 
must be gained individual field experience and by 
study. Ideally, engineers to staff an environmental de- 
partment should be familiar with the design and develop- 
ment of the equipment in question and have field experi- 
ence in the use and service of the product. 

In organizations having many engineers, it is possible 
for the environmental department to have a staff of 
specialists to carry out investigations and tests on various 


The demands for continued satisfactory performance of electrical and electronic 
products under extreme conditions has made “environmentalization" an important 
function of design engineering. Jet aircraft and flight-controlled missiles, because 
of their high speed at high altitudes, have vastly accentuated the need for designing 
for extreme environmental conditions. This article reviews the organization and inte- 
gration of an environmental department into an engineering and manufacturing 
organization. The viewpoint is naturally that of a producer of electrical and electronic 
products for the armed forces, but the principles discussed are applicable to civilian 


producers as well. 
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Organization chart for environmental department for 
a manufacturer of electrical or electronic equipment. 


projects. For small companies, one engineer may be 
assigned to conduct environmental investigations, either 
full time or part time as required. The environmental 
department, consisting of one engineer or many, serves as 
a clearing house and consultant on environmental design, 
development and testing. 

Test Equipment. Test equipment requirements will 
be determined by the use, frequency and complexity of 
the product to be tested. For small concerns which may 
have only infrequent periods of testing, relatively simple 
self-made equipment may be satisfactory.* This permits 
small manufacturers to develop and test their products 
with a relatively small investment. Where such equip- 
ment cannot be improvised, commercial test laboratories 
may be used. Where the work load of continual product 
development and sampling production tests warrant it, 
commercial equipment may well be purchased. This is 
especially true for large engineering and manufacturing 
concerns having an environmental department as an inde- 
pendent group. 

In recent years the demand for many different types 
of environmental equipment for such tests as tempera- 
ture, humidity, altitudes, fungus, salt spray chambers, 
shock test equipment, vibration test equipment, accelera- 
tion test equipment and the like has been so great that 
many small companies have been formed to produce 
them. 

Role in Bidding. The role of the environmetal 
department is such that it contributes an active engi- 
neering team member from the preliminary bidding 
phases through to the time that prototype and production 
units are shipped. In the first stages during which a 
proposed contract is studied prior to submitting a pro- 
posal and bid, the environmental department reviews the 
specifications to determine the effect of environmental 





* “Environmental Testing of Compenents Need Not be Expensive,”’ D. L. Lane 


and J. C. Wightman, Evecrrica, Manuracturinc, May 1952, p. 118. 
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During proposal stage, an environmental departmem 
representative confers with those of design, system 
development and estimating departments. 


requirements on design. Specifications are reviewed from 
the standpoint of determining realism. 

Too often specifications are set up on the basis of 
taking portions of one product and portions of another 
with little regard for the particular service requirements. 
It is here that a qualified environmental engineer can 
save his company from the embarrassment of having to 
say that they cannot meet certain specification require- 
ments after receiving the contract. Frequently, interpre- 
tation of specifications is required to translate an environ- 
mental condition to design language. For example, a 
specification may require a product to withstand an under- 
water explosion of a certain type of depth charge at a 
certain distance. What does that mean to a mechan- 
ical designer? An experienced environmental enginee1 
can translate that to a shock impulse which then pro- 
vides a basis for design. Also, a particular design ap- 
proach may require certain components that are known 
to be inherent radio noise generators and therefore re- 
quire extensive filtering and shielding to meet specifica- 
tion. The environmental engineer may point out the pos- 
sible pitfalls encountered in the use of these units and 
thereby avoid unforeseen extra costs. 

In preparing the proposal for bidding, the environ- 
mental department may submit its report for inclusion in 
the overall presentation. Usually this report is a resume 
of the company facilities and a schedule of the test work. 
Generally, the production test procedure and test equip- 
ment are not directly applicable to testing the products 
under environmental conditions. When special test pro- 
cedures and test equipment are required, the environ- 
mental department specifies them for the proposal, 

Needless to say, the capability of component parts to be 
used in the overall system must be known. This is very 
important in the preparation of the company proposal. 

After Contract is Obtained. When the contract is 
obtained and active engineering work started, environ- 
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After the contract is obtained and active work starts, 
environmental engineers work with the design, develop- 
ment and standards departments. 


mental engineers are integrated into the project. Their 
work is paralleled with that of the standards department 
in the selection of components for the proposed design 
which will meet the environmental conditions of the 
specification. Work is carried on as a team with the 
project engineer, standards engineer, and environmental 
engineer designing tests procedures for questionable 
components. 

The environmental engineer or team is available as 
consultants during the design and layout stages. For 
example, radio interference advice can save the designer 
much trouble by suggesting a layout that will confine 
interference signals to one section and without coupling 
it to outgoing leads. In addition, the selection and place- 
ment of filters, if such are required, should be done during 
the layout stage. 

The preliminary qualification test procedures can now 
be settled in final form. Each condition of environment 
imposes its own peculiar method of testing and of test 
equipment and often are much different than the tests 
conducted in the production testing department. The 
environmental test engineer must be able to monitor 
performance of the equipment remotely. In conditions 
of temperature extremes it may be possible to have tech- 
nicians enter the test chamber to make adjustments or 
readings. However, for conditions of altitude, vibration, 
shock, for example, operation of the equipment must be 
remote and so must instrumentation. Frequently modi- 
fication of production test equipment is possible, but in 
some cases completely different test equipment is needed. 
The qualification test procedure then includes a step-by- 
step approach to insure operation in accordance with the 
specifications and the environmental extremes. 

Component qualification is carried on during the active 
development stage of the projects. Assurance that the 
components individually pass environmental tests is the 
best insurance that the completed instrument will pass the 
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Diagram showing that environmental department works 
with many other groups in an organization. 


environmental tests. The component test program, how- 
ever, must be modified by reasonable engineering judg- 
ment. Where commercial parts have been attested to have 
passed envirnomental tests by the manufacturer, there is 
little need to re-run the tests. Nevertheless, up to the 
present time, very few commercial items have been avail- 
able that meet all the stringent military specifications. 

This condition has existed for two reasons. The first is 
that the commercial field has not kept pace with the rapid 
advancement of the military and, secondly, many manu- 
facturers have not had environmental facilities or per- 
sonnel to run the tests. Their product is usually offered 
“as is” and is not represented to meet any particular 
environmental specifications. The manufacturer says 
that it was designed to meet the environmental specifica- 
tions on paper but was not tested. The importance of 
this phase of the project cannot be over-estimated, The 
time and embarrassment saved by avoiding component 
failure at final environmental test more than compensates 
for the effort made. 

Where commercial or company-made products tested 
on a component level do not meet environmental specifica- 
tions, the environmental department engineers work on 
the development of a product that does meet the specifica- 
tion. This can be done entirely within the department 
or in collaboration with the development groups, or on a 
consulting basis to the development group. 

When the completed system is available for qualifica- 
tion tests, the environmental department subjects it to 
tests to be certain it meets the requirements of the specifi- 
cation. Engineers assigned to the project should be those 
involved in the preliminary proposal phase and who were 
active during the component test phase. Their close 
association with the project enables them to make an 
intelligent appraisal of the system performance under 
environmental extremes and to trouble-shoot if problems 
occur. 




























Progress reports of the tests are prepared and _ for- 
warded according to usual company channels. Liaison 
is maintained with government inspectors during the 
course of the tests when contacts with government 
agencies are required. 

In some instances, major portions of the product 
may be subcontracted by the prime contractor since his 
plant and his experience may not qualify him to produce 
them. In these cases, the qualification of test procedures 
and other phases of environmental design are handled 
by the environmental department. Frequently, it is only 
to approve the qualification test procedure prepared by 
the subcontractors environmental engineers. During the 
course of the qualification tests at the subcontractor’s 
plant, the environmental department representative wit- 
nesses the tests and reports on the tests and the results. 
The complexity of the equipment, qualification test, and 
degrees of trouble encountered determine the need for a 
full-time attendant at the subcontractor’s plant. A report 
of acceptable test results on the subcontractor’s equip- 
ments as witnessed by the environmental department en- 
gineer should be adequate and the prime contractor need 
not re-run the tests. 

Occasionally it is more economical and expedient, if 
not necessary, to run certain environmental tests in the 
actual installation. This is, of course, a function of the 
environmental department. Several examples are listed 
here for illustration. The vibration specifications for a 
product may be so extensive that it is not possible to 
design the equipment and still have it perform its primary 
task without having several resonant points in the struc- 
ture. Since it may not be possible to contradict the realism 
of the specification, it is often agreed that a waiver can be 
issued to accept the equipment in spite of not meeting the 
overall specification as long as the contractor agrees to 
perform whatever modifications are required after the 
installation. 

This realistic approach saves money for the customer 
and contractor and eliminates having a monstrosity design 
because of a catch-all specification. The dynamics en- 
gineer of the environmental department then assures him- 
self and the customer by the field tests that the equipment 
will meet all operational requirements. Often it is possible 
to damp out particular resonant conditions on the final 
installation by the judicious placement of weights or spe- 
cial mounts without introducing other resonant points as 
might occur on the vibration test table. This condition 
exists because the forcing function for the other resonant 
points on the final installation do not have the same 
magnitude as listed in the specification. 

Another very important field test, in addtion to tests 
in the laboratory, is for radio interference. The specifica 
tion requires that the equipment must not interfere with 
other equipment and must not itself be susceptible to 
outside interference. 
uneconomical to reduce intereference in a product to 
specification limits which tend to be a catch-all. Cer- 
tain inherent attenuation characteristics of cable runs can 
make the overall equipment installation noise free. On 
the other hand, it is possible that the combination of exist- 
ing noise in the contractor's equipment, even though 
within the specification level, may affect or be affected 
by other equipment because of a resonant condition which 


Often times, it is impractical or 


may result with the cabling and other parameters. This 
condition cannot be effectively detected in the laboratory. 
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A. Measurements of r-f noise 
interference are made in this shielded room. B. 
Control console of a walk-in test chamber contains 


generation and 


recording-control instruments for temperature, 


if at all. 
interference signals or may have interference coupled into 


In addition, adjacent cable runs may couple-in 


them. This condition is virtually impossible to simulate 
in the laboratory. This type of field work calls upon the 
training and ingenuity of the radio interference expert 
who is part of the environmental department. 

Other Supporting Functions. Field service engi- 
neering may often call upon the environmental depart- 
ment to furnish a consultant on some special problem 
which the field service engineer, as experienced as most of 
them are, cannot solve because of the high degree ot 
specialization. The vibration and radio interference prob 
lems mentioned above are good examples of the applica- 
tion. In addition, a recurrent deficiency in the field may 
be referred to the environmental department for investi- 
gation. For example, corrosion problems are difficult to 
pin point by observation only. Laboratory analysis i+ 
often required and simulated accelerated life tests on new 
sections are required to determine the cause of failure. 

The addition of new equipment in an old installation 
may introduce a radio interference problem. The radio 
interference specialist is called upon to assist the field 
With the 


complexity of present day equipment, it is not practical 


service engineer in tracking down the trouble. 
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altitude and humidity. Visual and aural contact is maintained 
between inside and outside of chamber. C. Preparing a 
sample for a humidity test in an automatically programmed 
test chamber. D. Vibration test set using an electrodynamic 


to train the field service engineer to be an expert in all 
fields of specialty. The convenience of having a pool of 
specialists in the environmental department provides 
vreater flexibility to the engineering division, faster and 
better service to the customer, and a better reputation to 
the contractor. 

During the course of normal company developments to 
advance their standing in the state of the art and to 
improve their status in a competitive market, new products 
must be continually developed. The environmental de- 
partment plays an important role in this phase of the com- 
pany operations in the evaluation of new products. This 
is especially important for component manufacturers 
since the imposition of environmental requirements is 
mandatory in many cases. A cooperative program with 
the research department, development department and 
product engineering department puts the environmental 
department in a key position. 

The environmental department among its other duties 
often times goes outside the engineering division to assist 
the inspection and quality control groups. It is gen- 
erally not economical to duplicate certain environmental 
test equipment in a plant even though division lines must 


he crossed. 
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high frequency shaker unit. E. Test chamber for temperature, 
altitude and humidity, and the associated external instruments. 
F. Sand drop tester for shock testing. Shock impulses produced 
in energized component are measured and recorded. 


Processed samples may require periodic sample testing 
to insure that the methods and materials used continue to 
produce a product which meet the specifications. Salt 
spray tests of anodized samples and plated samples. and 
pressure testing of castings are examples of work that 
the manufacturing department relies upon the environ- 
mental department to perform. 

Summary. The environmental department’s role 
an engineering division can be best described by us 1 
its descriptive title. It is as difficult to eliminate the 
activities of the environmental department from a well 
organized engineering division as it is to produce environ- 
ment free ambient conditions for the products designed. 
The recognition of the importance of a functionally op- 
erative environmental department introduces a tool of 
immense versatility into an engineering division. The 
accent on reliable operation of equipment at environ 
mental extremes does not permit design of reliable 
equipment without environmentalization of the units. An 
organized approach to the problem, whether it be by one 
engineer in a small company or by a department with a 
staff of specialists and technicians in large engineering 
and manufacturing companies. will produce environ- 
mentalization economically. DO -6 
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Lead-to-Pin Soldering by 


Resistance and Conduction Methods 


Comparative application of both techniques to the soldering 


of typical connectors show results in favor of resistance 


methods. Principal benefits include: Improved joint quality. 


lower production costs and increased operator safety. 


DONALD L. DRISCOLL 

Plant Manager 

TRANSVAL ENGINEERING CORPORATION 
Culver City, California 


THE SUCCESS OR FAILURE OF electrical and electronic 
equipment is closely keyed to the quality of soldered con- 
nections. Loss of an expensive missile or failure of a 
vital piece of aircraft electronic gear is often traceable 
to poorly soldered joints. For this reason the subject con- 
tinues to be of vital concern to both the design and quality 
control engineer. The study reported here was made pri- 
marily in the interest of quality improvement and is a 
comparison of two generally used methods of connector 
soldering—conductive and resistance soldering. 

Many types of solder are in general use, but for the 
purposes of this report only the 60-40 type (60 per cent 
tin, 40 per cent lead) will be considered. This alloy starts 
to melt at 358 F and is completely liquid at 370 F; be- 
tween these two temperatures the solder is in the plastic 
state. Because of its low melting point, this alloy is easily 
worked and requires only a small amount of heat. Sur- 
faces to which it is applied must be conditioned for good 
results. 

Connector Soldering. Cups of the pins in which the 
solder is deposited are usually silver plated and then hand 
tinned (dipped in molten solder) ; or else silver plated and 
covered with a gold flash coat. The wire end to be held 
in the cup is first stripped of any protective covering and 
then dipped in flux and molten solder. Heat generated in 
the pin by the iron or electrode melts the solder and 
activates the flux. The impurities dislodged by the flux 
float to the surface and are easily brushed off after solidi- 
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fication. Flux is introduced either as a portion (core) of 
the solder or as an additive. 

To avoid the formation of voids, both bottom and top 
of the pin cup must be at a temperature sufficiently high 
to melt the solder. Consequently, instantaneous heat, uni- 
formly distributed over the length of the pin, is required. 

Conduction and Resistance Soldering Tech- 
niques. The older and more widely used conduction 
method utilizes a conventional soldering iron with a 
heating element located in the tip or shank. Heat is con- 
ducted to the work at the point of contact. Solder, in 
wire form, is inserted into a cup and the pin heated by 
contact with the iron tip. When the cup is about half full, 
both iron and solder are removed and the operation 
repeated on all pins. After completing this step, the first 
pin is reheated, a tinned wire inserted, and the solder 
again allowed to solidify. Additions of solder and re- 
pairs are made at this point and the joint is then brush- 
cleaned. 

Tests using the resistance method required single metal 
electrode irons for Winchester MRE type plugs, and single 
carbon electrode irons for the Cannon AN3102A type, 
Fig. 1. Both electrodes were used interchangeably in the 
same iron and transformer assembly. To provide contact 
between the work and the ground outlet of the trans- 
former, mating plugs with common ground tabs were 
used, Fig. 2. The mating plug and ground tab serve as a 
holding device for the receptacle as well as a common 
ground for all of the pins. A ground wire from the trans- 
former, connected to the common outlet tab from the 
mating plug, completes the circuit when the electrode tip 
contacts a pin. Heat is generated by passage of a shigh 
current through the point of contact. Soldering is then 
completed as outlined in the conduction method. 

A metal electrode was used with the smaller MRE con- 
nector pins because of the small amount of heat required 
and also because this electrode requires little tip main 
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tenance. On the other hand, the larger pins of the AN 
plug require more heat and consequently a carbon elec- 
trode was used. These tips must be shaped periodically 
since the carbon burns away with use. 

Quality of Connections. To determine the com- 
parative quality of soldered joints made by conduction 
and resistance methods, X-ray measurements were made 
to determine the amount of solder deposited in the cup 
between the wire and inner walls of the pin. Samples of 
soldered AN connectors. intended for radar sets. were 
taken from regular production runs, disassembled and 
the pins removed. Pins were X-rayed and the films 
printed, Figs. 3 and 4. The amount of void (light area) 
is a direct indication of the quality of the joint. 

Examination of 23 pins soldered by conduction methods 


showed voids ranging from 7 to 50 per cent. and an 
average value of ; 


3 per cent. This meant that the annulai 
volume between wire and cup was 67 per cent filled with 
solder. Considering a completely filled cup as being a 
perfect solder connection, the quality level of this group 
was 67 per cent. Twenty-four pins soldered with resist- 
ance equipment under the same conditions showed voids 
ranging from 0 to 33 per cent, an average value of 14 
per cent and a quality level of 86 per cent. 

It has been estimated that lead-to-pin connections with 
voids of 50 per cent or more would fail before the antici- 
pated service life of the equipment in which they are 
installed. In addition, there is also likelihood of failure 
where voids run from 40 to 50 per cent. This means 
that 3 of the 23 pins soldered by conduction methods 
would probably fail in use and the reliability of five of 
the remaining pins would be questionable. By contrast. 
the reliability of 24 pins soldered by resistance methods 
should prove to be higher since the largest void meas 
ured was 33 per cent. 

It is interesting to note the quality levels obtained with 
operators having no previous experience with resistance 
equipment. Examination of 24 pins soldered by inexperi- 
enced personnel showed voids ranging from 0 to 60 per 
cent and an average value of 20 per cent. Results com- 
pare favorably with the set of samples soldered with con- 


duction equipment. This comparison is important because 


it indicates that an experienced conduction operator could 


» 


Fig. 2 


Fig. | 


Typical Winchester MRE (above) and 
Cannon AN plugs (below) used in comparative 
soldering tests by 
methods. 


resistance and conduction 





switch to resistance equipment without lowering quality 
levels during the learning period. 

Because of the small pin sizes involved, void measure- 
ments of the MRE pins could not be made with the accu- 
racy obtained with the larger AN pins. For this 
reason, instead of measuring voids, quality was related 
directly to the number of perfectly soldered connections 
(those with no voids at all). Comparative tests were 
made using plugs with both corroded and uncorroded 
pins. 


Mating plug and grounding tab assemblies used for resistance soldering. Assembly 
also serves as holding device for receptacle to be soldered. A ground wire from transformer 
connected to the common outlet tab completes the circuit when the soldering tip is touched 
to a receptacle pin. 
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Fig. 3—X-ray pho- 
tograph of AN 
plug pins and leads 
soldered with con- 
duction equipment. 
Soldering voids are 
indicated by light 
area. 


Fig. 4—X-ray pho- 


tograph of AN 
plug pins soldered 
with resistance 
equipment. 





Of 34 MRE pins, exhibiting more than average cor- 
rosion, five showed no voids on X-ray films after being 
soldered by conduction methods. A like number of pins 
soldered with resistance equipment resulted in ten perfect 
connections. Because of their small size, voids in these 
pins did not appear to be too serious. However, close 
inspection of the films revealed that on some pins there 
was very little surface coverage between the wire and pin. 

Similar tests made with uncorroded pins and conduction 
equipment revealed ten perfect connections. Thirty-four 
pins soldered with resistance equipment resulted in 13 
perfect connections. Most of the pins in both groups 
appeared to be satisfactory; however, it should be noted 
that uncorroded pins are not usually found in production 
and almost all of the plugs inspected showed some pin 
oxidation. 

Since the arcing effect obtained with resistance equip- 
ment leaves a black carbon mark or line on the pin, salt 
spray tests (MIL-E-5272A) were conducted to determine 
the amount of damage (if any) to the pin plating. The 





Comparative Time Study Readings for Conduction 
and Resistance Soldering 


Average Average | Average 
time for time for | total 
| operation 1 | operation 2 | time 
min min min 
ee | 
Conduction Soldering— | 
55 AN plug pins 0.09 0.36 0.45 
Resistance Soldering— 
56 AN plug pins 0.09 0.17 0.26 
Conduction Soldering— 
55 MRE plug pins 0.10 | 0.17 0.27 
Resistance Soldering— | 
50 MRE plug pins 0.12 0.15 0.27 








magnitude of this mark is determined by the lateral 
movement of the electrode when contact is broken. Sixty- 
nine marked pins were subjected to this test and examined 
under a microscope. No evidence of corrosion was found 
in the blackened area and in the opinion of the process 
engineers involved, the deposit would not cause any dele- 
terious effects on plug operation. 

Cost Factors. Cost factors involved in a comparison 
of the two soldering methods included: (a) operator time 
expended; (b) amounts of solder used; (c) equipment 
costs and life; (d) amounts of power used; (e) tooling 
required. A review of these items disclosed that the only 
appreciable cost difference occurred in the amount oper- 
ator time expended. Time studies using both plug types 
and both soldering methods show that the principal time 
variations occurred only in (1) filling the pin cup with 
solder, and (2) soldering the wire to the pin. 

The soldering of 55 AN plug pins with conduction 
equipment was studied first. The resulting average times 
for operations 1 and 2, including a 15-per cent allowance 
factor, were 0.09 and 0.36 min per pin, or a total of 
0.45 min. By comparison, 56 AN plug pins soldered with 
resistance equipment resulted in times of 0.09 and 0.17 
min for operations 1 and 2, or a total of 0.26 min. 

Similar tests using conduction equipment for the 
soldering of MRE type pins resulted in standard times 
of 0.10 and 0.17 min for operation 1 and 2 respec- 
tively, or a total of 0.27 min. Pins soldered with re- 
sistance equipment resulted in times of 0.12 and 0.15 
min; also for a total of 0.27 min. These results are 
summarized in the accompanying table. 

There seems to be little difference in the times required 
for either method when soldering MRE type plugs. How- 
ever, if it is arbitrarily assumed that an equal number 
of both connector types are to be soldered, cost studies 
indicate a saving of about 25 per cent in favor of the 
resistance method. 

Safety Factors. A thorough review of both soldering 
methods showed that the only apparent safety factor 
involved was that of minor operator burns, Out of a 
total of 500 operators using conduction soldering equip- 
ment. an average of 40 operators received minor burns 
every week. A similar check made with resistance equip- 
ment revealed no burns out of a total of 60 irons in use. 
This high ratio of burn accidents results from the fact 
that since a conduction iron is kept hot at all times, 
accidental body contact is more likely to occur. By con- 
trast, the resistance is only hot when in contact 
with the object being soldered, and retains its heat for 
just a few seconds after contact is broken. It should be 
noted that these burns are rarely severe enough to be 


iron 


classified as disabling accidents; however, the improve- 
ment in operator moral when using resistance equip- 
ment is an important factor. 

Conclusions. On the basis of the foregoing opera- 
tions the following conclusions can be made: 

1. Under the same conditions. resistance methods will 
produce better quality connections than conduction 
methods for the soldering of both AN and MRE con- 
nectors. 


2. Depending on the type of plug being soldered, 


the resistance method is in many cases faster and conse- 
quently less costly than the conduction method. 

3. Better safety obtained with the 
resistance method. O00 


records can be 
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Self-Insulating 
Aluminum Conductor 


ANODIZED ALUMINUM STRIP provides a self-insulating con- 
ductor with many design potentialities. Developed by 
the Reynolds Metal Company, this material is indicated 
for coil windings for transformers, solenoids and some 
types of motors and generators. The anodic coating is 
aluminum oxide, which provides both excellent electrical 
insulating characteristics and chemical inertness. Since 
the melting point of the anodic coating is higher than 
that of the aluminum itself, the danger of coil burn-out 
is appreciably reduced. 

This development by Reynolds is said to overcome 
two previously existent disadvantages of aluminum con- 
ductor wire: (1) The unfavorable space factor of 
aluminum wire in comparison with copper wire, and (2) 
the extra cost of applying insulating enamel to alumi- 
num, again in comparison with copper wire. By eliminat- 
ing the need for enamel insulation, both disadvantages 
are appreciably overcome. The aluminum oxide coating 
is of the order of 0.0002 in. to 0.0003 in. thick. 

In developing this aluminum coil insulation, the round 
conductor wire was discarded since there is danger of 
developing crazing and metal extrusion in the film when 
the wire is bent. Consequently, Reynolds pointed develop- 
ment toward an aluminum flat strip (see Fig. 1). 


240-240/120 
transformer 
aluminum 
Only 
anodic 
strip. 


film 


minum 
for 10 
Small 


foil 
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Fig. 1 (left)—10 kva 


wound 
strip 
insulation 


Fig. 3 (right) 
wound with 
strip 


contactor 
wound with bare aluminum 
and __ polyester 


insulation. 


Since the strip form makes it possible to wind coils 
spirally, only turn-to-turn insulation is involved; normal 
layer insulation can be disregarded. This provides an 
additional saving in space. It is also pointed out by 
Reynolds that still further space saving accrues from 
the inherent superior heat-transfer characteristics of 
aluminum-wound coils. Every turn of a coil is exposed 
to the outside air, and consequently no hot spots are 
encountered. Cooling ducts may be eliminated. However, 
if additional heat dissipation is needed, fins may be in- 
corporated without any material increase in size. It is 
also pointed out that the complete inorganic structure 
of these self-insulating aluminum-wound coils provides 
a unit of outstanding heat-resisting characteristics. 

Although the anodizing process is, of course, not new, 
some special chemical and mechanical means were re- 
quired in this instance to develop a completely anodized 
sheet. The anodizing at the edges was the particularly 
difficult problem. Although not approaching the flexibility 
attainable with organic coatings, the aluminum strip is 
said to provide adequate flexibility. 

Parallel with this development, Reynolds also an- 
nounces an insulating technique by which bare aluminum 
foil is wound with interleaving of polyester film in- 
sulation, such as Mylar (see Fig. 2). Other examples of 





Fig. 2 
foil 


—Partially completed solenoid coil using bare aluminum 
and polyester film insulation. 


insulation with anodized aluminum strip and aluminum- 
polyester film are shown in Fig. 3. 

Evaluation tests are now being conducted by various 
manufacturers according to Reynolds, and results should 
be available at an early date. O00 
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DESIGN TRENDS 








Plastics Chosen for Varied Applications 


PHENOLK 
aluminum 


MOLDINGS USED in place of 


die-castings have halved 


parts costs for a _ fluorophotometer 
developed for the Bureau of Ships, U. 
S. Navy, by the Specialty Engineering 
Division of the Specialty Assembling 
and Packing Co., Brooklyn, N.Y. 
Material used is Durez 1544, a black, 
two-step, cellulose-filled, impact pheno- 
lic. Molding characteristics are about 
the same as general-purpose phenolics. 
Close tolerances of the molded parts 
prevents light from reaching the inside 
of the positioner and permits elimina- 
tion of a light-trap door. formerly re- 
quired. 

The fluorophotometer, also known as 
a dosimeter-reader or computer indi- 
indicate X-ray or 
Heart of the de- 


cator, is used to 


gamma-ray intensities. 










FIG. 
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vice consists of small pieces of silver- 
activated phosphate glass, called dosi- 
meters. which fluoresce after exposure 
to radiation. Using the principle of 
radiophotoluminescence, the degree of 
fluorescence is translated into radiation 
measurements. 

The photoelectric light switch shown 
in Fig. 2 has a phenolic housing molded 
by the Northern Industrial 
Company, South 


Pierce Co.. 


Chemical 
Fisher- 
Inc.. Material: 
General-purpose Durez with fast cure 
and long flow characteristics. 


Boston. tor 


) 
Boston. 


A glossy. 
natural brown finish is obtained after 
molding. This Nitelighter switch is in- 
tended for use automatic 


lighting provides convenience and safety 


wherever! 


factory vards. stores and 


When 


such as in 


display 


pointed towards 


signs. 


a natural light source, the device 
switches on lighis whenever darkness 


falls. 

Figure 3 shows a flexible. expansion 
bellows molded from vinyl plastisol. It 
is used to keep out dirt and retain ex- 
cess lubricant in the control unit of 
an automatic pilot made by the Eclipse- 
Pioneer Division of Bendix Aviation 
Corporation. The plastisol material was 
selected for its superior oil resistance 
and low temperature flexibility. The 
bellows has withstood flexing tests of 
more than 7,000,000 cycles at 
temperature with no visible effects and 


room 


flexes easily at temperatures as low as 

65 F. 

\ large variation in wall thickness 
is obtained and a variety of sizes and 
shapes can be produced to cover 
hydraulic and pneumatic rams, protect 
shaft packing and minimize fluid leak- 
age. Molded for Eclipse-Pioneer by 
Boonton Molding Co., Boonton. N. J 

Distinctive molding and optical prop- 
erties of Plexiglass V are used to ad- 
vantage in the cover knob for a Westing 
house electric percolator, Fig. 4. Knobs 
are conventionally made of glass: how- 
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FIG. 2 
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ever, since the desired clarity and de- 
tail could only be obtained with a fine 
optical glass, acrylic plastic was chosen. 
Further, advantages include reasonable 
production cost and ability to withstand 
accidental dropping. 

Molding details include a gripping 
surface of small diagonal cleats: a 
shallow top cone surface: and tapered 
retaining lugs for the bayonet mount. 
Parts are molded in an _ eight-cavity 
mold by Nosco Plastics, Inc., Erie, Pa. 
Knob heat distortion temperatures range 
from 189 to 213 F; however. since the 
coflee is brewed at 162 F, 
safety factor is provided. 

Because of its high dielectric strength 
and dimensional stability, cross-linked 
styrene copolymer was selected for the 


an ample 


coil form of the electromagnetic delay 
line, Fig. 5. Polymer Corporation of 
Pennsylvania heat hardening styrene 
copolymer is used. Dielectric constant 
is 2.4 to 2.5. Only a slight change oc- 
curs in the dissipation factor (.0002 
at 30 mc) over the entire frequency 
range and the material is form stable 
up to 400 F under light loads. Man- 
drels. are made from FM-10001 molded 


Enoxy-Cast Large 


MURRAY GOLDFINGER, 
Chemical Engineer 
Unitep TRANSFORMER Co. 


New York, New York 


RESINS NORMALLY EMPLOYED for cast- 
ing or encapsulating of small transform- 
ers may not be suitable for larger unit. 
The large size aggravates the problem 
caused by differentials between the co- 
efficients of thermal expansion of metal 
elements and the resin mass. Severe 
strains set up by such thermal differ- 
entials may result in cracking of the 
resin mass either during the curing 
cycle or 
tests. 

The chemical laboratory of this 
company faced this problem when 
given an assignment to improve the 
quality and cut down the production 
time of a large 3-phase, 60-cycle high- 
voltage transformer, approximately 12 
in. x 7 in. x 6 in., and weighing some 
95 Ib. The dip-coating process previous- 
ly used had two disadvantages: (1) In 
appearance the finished transformer 
had a non-uniform surface; and (2) a 
7-day work cycle was needed to build 
up an adequate resin shell. 


under temperature cycling 


A heavily filled epoxy resin was 
selected for this application. This resin 
exhibits outstanding resistance to 
cracking during cure, yet retains suf- 
ficient resilience to compensate for the 
thermal expansion of the transformer 





FIG. 3 


nvlon red. centerless ground. Use ot 
current 
losses that would occur if metallic 


nvlon eliminates the eddy 


mandrels were used. 

The delay lines. produced by Helipot 
Corporation, South Pasadena, Calif., 
are used for radar scanning. speed trap 
monitors, color television broadcasting, 
high frequency oscilliscopes and short- 


ys 


term memory svstems. 


Transformers 


structure in use. To minimize curing 
stresses, a low-temperature cure cycle 
of 150 F for 16 hr was applied. 

A two-piece, five-face open-top mold 
was designed for this application. 
Sprayed-on silicone grease was em- 
ployed as a mold-release agent, after a 
prior treatment of the mold with a 
silicone sealant (Pan Glaze). 

In the design of the transformer it- 
self, every precaution was taken to 
eliminate incompatible materials and 
oily substances that may adversely af- 
fect the cure. In addition, the trans- 
former was thoroughly oven-dried to 
assure complete dehydration. This is 





\ 95-lb resin-cast transformer produced 
by United Transformer Company, dimen- 
sions 12 in. x 7 in. x 6 in. A filled epoxy 
resin was employed for this record-break- 
ing job. 
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a vital step, particularly before casting 
a unit of this size. Otherwise, resin cure 
may be inhibited and the insulation 
characteristics may be impaired. 

The first transformer cast by us re- 
vealed a serious problem caused by the 
open-top mold we were using. The pur- 
pose of this design was to facilitate 
pouring of the resin, but in practice, 
it also permitted surface evaporation of 
the catalyst during cure and thus 
caused surface undercure. To reconcile 
this contradiction was not simple. A 
metal cover was not suited for a num- 
ber of structural reasons. Experiments 
were then made employing glycerine, 
reflectors, and metal plates, all of 
which failed due to the development of 
ripples, pimples, and other surface dis- 
figurements. 

A solution was found in a rather 
unique process. After the resin i 
poured, a_ low-melting-point wax i 
poured on top of the resin, which i 
still liquid and immiscible. The wax 
therefore does not interfere with the 
resin. After curing, the wax is poured 
off and re-used. The transformer is 
then removed from the mold and after 
removal of flash is ready for final in- 
spection. 

Since sealing against the effects of 
high humidity is desired, great care 
must be provided in the actual im- 
pregnation of the coils during the 
casting process. The transformer is cast 


Ss 
Ss 
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at elevated temperatures and evacuated 
for 2 hr. It was interesting to note in 
the development of this structure that 
3 lb more of the resin was used when 
vacuum processing was employed. In 
other words, this quantity of resin was 
forced into the coils by the vacuum 
process to assure thorough sealing even 
if a surface crack should be created. 
This process also provides maximum 
electrical insulation characteristics and 


Fibreboard Boxes 


SIX BILLION SQUARE FEET of solid and 
corrugated fibreboard were used in the 
packaging of electrical products during 
1954, reports the Fibre Box Associa- 
tion which sponsored the 1955 Fibre 
Box Exhibit in Chicago last spring. 
This figure represents 7.1 per cent of 
the total output of fibreboard products 
for that year. 

A number of advantages are claimed 
for fibreboard containers for electrical 
products which may at the same time 
be heavy and delicate, and have fine 
finishes that must be protected. For 


such products fibreboard containers 
have high strength, high shock re- 


sistance and protective inner packing. 
They are also dustproof. According to 
television receiver manufacturers using 
them, these containers have reduced 
packing and shipping costs as com- 
pared with previously used containers 
and that claims 


for damage during 





Corrugated fibre container for television 
receiver. Top and bottom trays made of 
a combination of built-up die-cut corru- 
gated sheets and laminated Kimpak 
support the receiver. They prevent con- 
tact of the corrugations with the fine 
finish. The shock absorbing qualities of 
the fibreboard gives protection against 
road jolts. The container is sealed for 
protection against outside elements. 
(Menasha Wooden Ware Corp., Menasha, 
Wis. for Admiral Corp., Chicago) 
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thermal conductivity to minimize hot 
spots. 

The total result of the casting proc- 
ess employed by us is evaluated by our 
quality control checks under MIL-T-27 
temperature and humidity cycling. 
While this transformer was designed 
to meet MIL-T-27 Grade 2 Class A 
requirements, all units tested so far 
have been far superior, fully meeting 
Grade 1 Class A requirements. The 
initial insulation resistance exceeded 
15,000 megohms. After temperature 
cycling and humidity tests over 10,000 
megohms was still realized. It is found 
that this initial insulation resistance 


shipment have dropped to as low as 
] per cent. 

Fibreboard containers designed dur- 
ing the past year for a number of elec- 
trical products were selected for ex- 
hibition at the Fibre Box Exhibit. Dif- 
fering from the practice of past years, 
there was no competition for best 


designs and all entries received equal 





Motors weighing up to 450 lb are shipped 
in this container. It provides protection 
against dust and abrasive dirt. It is light 
in weight and may be handled by fork 
lifts. (Mohawk Containers, Inc.. New 
Hartford, N. Y., for General Electric Co.. 
Schenectady. N. Y.) 





Flexible packing allows the container size 
for a variety of motor conversion parts 
to be standardized. This self-locking 125- 
lb-test container is easy to use and pro- 
vides good inventory control. (Mohawk 
Containers, Inc., New Hartford, N. Y., for 
General Electric Co., Schenectady, N. Y.) 


improves with time through room tem- 
perature post curing. 

Comparing these cast transformers 
with the previous structure employed, 
we find the following: 


l. A greatly improved appearance 
with greater uniformity is obtained. 


2. The sealing against adverse en- 


vironmental conditions is substantially 
improved. 

3. The production time cycle has 
been cut by a ratio of approximately 
7:1 with a considerable reduction in 
such factors as handling and produc- 
tion floor space requirements. O O O 


for Electrical Products 


recognition. The accompanying photo- 


graphs show a selected group of entries 
for electrical products. O 


oO © 





This fibre container doubles as a shipping 
and display case. Die-cut inner packing 
provides cushioning, rigidity and protec- 
tion for the television antenna rotator. It 
also has a die-cut carrying handle. (Grand 
City Container Corp., North Bergen, N. J. 
for JFD Mfg. Co., Brooklyn, N. Y.) 





Cutaway view of fibreboard container for 
a heavy duty fry kettle. It is bound at the 
top and bottom by steel strapping. It 
saves 35 per cent in packing labor costs 
and reduces tare weight by 25 lb per 


unit. (Stone Container Corp., Chicago 
for Hotpoint Co., Chicago) 
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This combination display-shipper unit 
was designed for portable radios and 
has separate carrying cases. The tinted areas 
ely | carrying the sales messages are enclosed 
in during transit to assure brightness of 
uc: colors at the point of sale. (National Con- 
O tainer Corp., New York, for CBS-Colum- This fibre box for a circuit breaker resulted in a saving in total weight of 32 lb, from 
bia Division, Columbia Broadcasting 203 to 171 lb, over the previous container. (Robert Gair Co., Inc., Philadelphia for 
System, Inc., Long Island City, N.Y.) Roller-Smith Corp., Bethlehem, Pa.) 
s 2 o 
nto Wire Twisted Mechanically 
ries . 
O 


ELECTRICAL CIRCUITS in modern aircraft call for twisted 
wire to avoid electromagnetic field interferences. To meet these 
specifications Glenn L. Martin Co. of Baltimore Md., devised 
twister which can be operated by one 
worker. The device consists of a driving head powered by a slow- 
speed motor, a stationary head with freely rotating pins for attaching 
the wires and a comb for leading the wires. One end of each wire 
| is attached to the driving head while the other end is fed through 


MANY 


a mechanical wire 





This box with a full overlap is made of the comb and attached to the pins on the stationary head. The oper- 
500-Ib-test fibreboard. It is used for ship- ator starts the mechanism with a remote-controlled switch carried in 
ping heavy integral horsepower motors one hand and leads the wires with the comb held in the other hand 
which must be protected from shock and while walking ahead of the twists. 

dust. (National Container Corp., New 
York for The Louis Allis Co., Milwaukee) 
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Plastic-faced neon sign is thoroughly pro- 
tected in this full-flap slotted container 
which 


replaces a wire-bound wooden 
(Fort Wayne Corrugated Paper 
Co., Fort Wayne, Ind. for Neon Products, 
Ine., Lima, Ohio.) 


crate. 
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V-Belt Cords Equally Tensioned by Electronic Control 


r for 
t ¥ MANUFACTURE OF RUBBER V-BELTS with States Rubber Company. Belt stretch sion at which the cords are applied is 
oe increased freedom from vibration and and shrinkage are closely controlled in controlled with an exactness not possi- 
per of greater uniformity is made possible the new production method and as a ble with usual methods. 
icago by an electronically controlled cord result vibration in the drive is either Conventional mechanically tensioned 
tensioner developed by the United eliminated or greatly reduced. The ten- belt production systems are handicap- 
JRING READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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ped by build-in time lags and a series 
of pulleys that introduce uncontrollable 
tensions. Because of the unequal cord 


loadings produced in manutacture, pre- 
mature belt failures may result in serv- 
ice. This condition also accounts for 
the wide spread in the life of belts con- 
structed by the same methods. In the 
new method, the rubber company’s engi- 


neers have 


electronically coordinated 


the component parts of the belt-building 
equipment so that cord 
equalized. Consequently, every strand 


tension is 


in the finished belt shares an equal load 
and premature belt failures because of 
unequal cord tensions are minimized. 


Lampholders Redesigned for Positive Electrical Contact 


\ NEW GRouP of 8- and 16-ft fluorescent 
lighting fixtures containing a recently 
developed high output rapid-start lamp 
has been announced by Sylvania Elec- 
tric Products Inc., Fig. 1. Manufac- 
tured in both single and double lamp 
units the fixtures are adaptable for 


CONVENTIONAL BASE 


BUTTON BONDED BASE 





FIG. 2—Details of spot riveting process 
used for base construction. 


New Process Lowers Cost of Welding 


THE ADVANTAGES OF gas-shielded weld- 
ing techniques using low-cost carbon 
dioxide, can now be extended to the 
mild with auto- 


consumable electrode equipment 


fabrication of 
mati 


steels 


developed by the Welding Department 
of General Electric Company. Superior 
results have demonstrated 


with argon and helium gases on alumi- 


also been 
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FIG. 1 


installations. 


wall-to-wall lighting systems where high 
intensity levels are needed. 

The lamp structure is formed of 20- 
gage steel channel provided with out- 
side longitudinal grooves to permit the 
Knock-outs 
are provided on end caps for continuous 
row wiring. 


use of slide grip hangers. 


End flanges with holes 
permit chain hanging or enable adja- 
cent units to be fastened end-to-end for 
continuous row installations. 

All metal parts are zine-phosphate 
Bonderite treated to improve paint ad- 
hesion and deterioration. \ 
Miracoat finish is used for high light 
reflectance: 


resist 


however. reflec tors are 


num, copper, stainless steel and other 
alloys. 

Carbon dioxide requirements are such 
that welding done at fast 
traveling speeds and with a short, con- 
trolled are to 


must be 
assure uniform results. 
Too short an are will result in frequent 
short circuits. while too long an are 
will cause burnback and damage to the 





Kight-foot rapid-start lamp developed by Sylvania Electric Products Inc. Holes 
in end flanges permit chain hanging or end-to-end fastening for 


continuous lighting 


available if lighting conditions warrant 
their use. 

As a nlunger type 
recessed double contact lampholders are 
standard equipment. of the 
type of circuit used with the high-output 
lamps, 


safety feature. 


Because 


positive electrical contact is 


essential. For this reason. a new base 


construction, using a spot riveting 
process known as “button-bonding,” is 
being used initially with the 8-ft lamp. 
Fig. 2. Instead of folding the lead 
wires back into the recessed base the 
leads are anchored permanently by spot 
riveting as shown. All 


silver plated. 


contacts are 


Mild Steels 


welding head. Are lengths varying out 
of the prescribed also effect 
penetration, bead contour, spatter, weld- 


range 


ing speed, undercut. and porosity. To 
secure constant are length a rising volt- 
ampere characteristic is necessary in 
the welding generator to match the volt- 
ampere characteristics of the are with 
inert gas or carbon dioxide. The vollt- 
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temperatures up to 260°C. 


Flexibility — sharp turns and 90° bends 
cause no cracking or peeling — no loss 
of dielectric strength. 


Dielectrically-Strong — All grades con- 
form to NEMA and MIL-I-3190 standards. 


Moisture-Resistant — including resist- 
ance to salt water, mild alkalis and 
acids. 


Flame-Resistant — Standard burning 
test is 45 seconds to burn 1 inch. Can 


ing, lead wire and tying cord. 
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VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


Varglas Silicone tubing and sleeving were developed by Varflex for 
applications involving continuous operating temperatures up to 260° C. 
Exceptional stability is combined with the following qualities .. . 


Send for FREE SAMPLES 


Mail coupon today for free folder 
containing 25 different test samples 
of Varflex insulating sleeving, tub- 


be made self-extinguishing on special 
order. 


Cold-Resistant — Excellent resistance to 
chafing and abrasion, flexible to 
—35°C.* 


*For temperatures down to —65°C, and 
for applications requiring extraordinary 
flexibility, we recommend our new Var- 
glas Silicone Rubber sleeving and tub- 
ing. Inquiries invited. 
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230v 
Wire 1060 cycles 
3 wire grounded 
to a capacity 


age is regulated so that it automatically 
increases as the wire feeding speed 










increases. 

A small diameter wire and high cur- 
rent density is employed so that burn- 
off rates are of the order of several 
hundred inches per minute. In the new 
system as welding current is increased, 
the voltage generated is increased, con- 
trary to conventional welding generator 
design. The rate at which the electrode 
burns off always matches wire feed 
speed, and the arc length remains con- 
stant. With former automatic welding 
methods, wire feed speed had to be 
changed to equal the burn off rate of the 
electrode by means of complex electro- 
mechanical control systems. 

The complete G-E Fillerare equip- 
ment includes wire feeder, torch control 
panel, reel mount and motor-generator 
unit as shown. Wire speeds up to 1000 
in. per min and short arc lengths are 
used to produce a deep, penetrating arc 








Solenoid 
valve 


Torch 


The tech- 
nique also causes violent agitation in the 
weld puddle, allowing the escape of 
porosity-producing gases. 


with a minimum of spatter. 


Multi-Purpose Parts for Transformer 


R. BRISTANY 
Specialty Transformer Dept. 
GENERAL E.ectric Co. 


A SURVEY OF MACHINE-TOOL and con- 
trol-panel manufacturers set up some 
high objectives for General Electric en- 
gineers in designing a new line of ma- 
chine tool transformers. Regarding ter- 
minal boards, for example, the user 
group expressed a preference for sol- 
derless terminals arranged to accept 
spade, closed-loop, and open-end con- 
nectors as well as stripped leads. Fuses 
or circuit breakers should be mounted 
as separate accessories. 

To meet all demands for various 
types of terminations, it was decided to 
produce transformers in the ratings 
from 300 volt-amp to 114 kva with 
seven standard arrangements. These are 
as follows: 


Terminal boards for both 
and secondary connections 
Terminal boards with one fuse 
Terminal boards with two fuses 
Terminal boards with four fuses 
Terminal boards with circuit breaker 
Secondary terminal board with pri- 
mary leads out 
Primary and secondary leads out (no 
terminal boards). 


primary 


On the smaller transformers (below 
300 volt-amp), five similar arrange- 
ments are offered as standard. To make 
such a variety of terminations econom- 
ically practical. unique designs of ter- 
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transformer with 


Machine-tool 
terminal boards and two fuses. Boards 


Fig. 1 


and mounting laminated 


plastics. 


strips are of 


minals and terminal boards were de- 
veloped. Thus, 
supplied to meet the varied user re- 
quirements with a minimum of special 
parts. 

Textolite laminate in the 
form of right-angle strips is used to 
serve the dual of terminal 
board and top holding clamp, Fig. 1. 
This laminate is a_ high-temperature 
and high-pressure material and can be 
sent through treatment with the trans- 
formers. Thus, a good seal is formed be- 
tween the top clamp and the core of 


transformers can be 


plastics 


purpose 


travel 
mechanism 







_+— Control panel 


contacted 











Safety contactor 


\ single generator dial allows choice 
of desired are length. Wire feed speed 
is set at the control panel, current and 


~ fr ~ 


voltage adjust automatically. 2 


Terminations 





2—Transformer 


Fig. 2 
tegrally mounted 
is one of seven optional types of termina- 
tions available on same basic transformer 
assembly. 


supplied with in- 
circuit breaker. This 


the units, practically eliminating the 
hazard of terminal-board loosening due 
to vibration. Flat strips of the laminate 
are also used to make up fuse-board 
subassemblies consisting of two or four 
fuses mounted on the boards. By re- 
versing a Textolite angle, it is possible 
to mount the fuses over the top of the 
transformer. This also makes ‘it easy 
to interchange the two-fuse and the 
four-fuse boards when the transformer 
is mounted in a panel or on a machine. 

The Textolite terminal board serves 
as a good insulator between terminals 
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These high precision standard Guardian Steppers afford positive 
selection and control of multiple circuits in Business Machines, 
Counting Devices, Totalizers, Computers and a vast array of simi- 
lar products at low cost. Applications include: automatic circuit 
selection; automatic sequence selection of circuits; automatic se- 
quence cross-connection of circuits. 


SERIES M. E.R. GUARDIAN MIDGET ELECTRICAL RESET STEPPER 
Keeps the reset magnet open, allows the ratchet to reset freely 
on a pulse of 10 milli-seconds. Stepping magnet releases lock 
mechanism on first step to ready unit for recycle. Standard unit 
has one disk with one finger rotating counter-clockwise. Two fin- 
gers available. Up to 21 of total 24 points on disk are active. 
Rated at 10 steps per second. Voltage ranges: 6 v. to 115 v. A.C., 
60 cycles, or 6 v. to 110 v. D.C. Auxiliary small combination con- 
tact switches can be mounted on ratchet or on either magnet. New 
3-point mounting for easy installation. 


SERIES M. A. S. STEPPER SERIES M-120 STEPPER 

A compact dependable Add and Up to 3 position contact combinations are 
Subtract unit. Up to 27 active available on the Guardian Series M-120 
points on total of 30. Rated at 10 Stepper. 24 point ratchet employs case 
steps per second. S.P.D.T. contact hardened steel construction to assure long 


life precision operation. Contact com- 
binations in 3 standard ratings: 1.5, 10 
and 12 amps. at 115v., 60 cycles, non- 
inductive. Voltage range: 6 v. to 115 v. 


switch can be mounted on any 
ratchet position or on either mag- 
net. Available to operate on 6 v. 





‘<= , up to 115 v. A.C., 60 cycles, or A.C., 60 cycles; or 6 v. to 110 v. D.C. in- 
Series from 6 v. 110 v. D.C. termittent duty. 
M.A.S. 


Wnte for catalogs featuring Guardian Steppers, Relays, Solenoids, 
Switches, Solenoid Contactors and Hermetically Sealed Controls. 


GUARDIAN QWELECTRIC 


1627-L W. WALNUT STREET CHICAGO ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN eee, 
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Series 
M-120 
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and between terminals and ground. A 
major consideration was the electrical 
spacing. One-half inch minimum was 
required between terminals and _be- 
tween terminals and ground where 
voltages exceeded 250 volts on the 
primary and 50 volts as the secondary. 
To ascertain whether the laminate would 
have adequate mechanical strength a 
series of impact tests were made on 
the boards themselves. 

The basic core and coil units were 
designed to Class B temperatures to 
reduce overall dimensions. The insula- 
tion used in the coils is the fiber asbes- 


tos type. On the larger kva ratings, a 
grain-oriented steel is used to keep over- 
all dimensions to an absolute minimum. 
The circuit breakers, made up as sub- 
assemblies, are of the high shock type 
made especially for this particular ma- 
chine tool line, Fig. me 

For series-multiple ratings. links are 
incorporated in the primary side for 
changing from series to parallel con- 
nections. The terminal used is made up 
of a round-head plated brass machine 
screw, a cup and a L-shaped terminal. 
The cup has four holes of a diameter 
sufficient to take a stripped No. 14 
cable. By inserting the stripped cable 
in these holes and securing the screw, 
the chances of cables pulling out are 


considerably decreased. The cup may 
be manipulated to take a spade, open 
or closed-loop terminal. All parts of the 
terminal are cadmium plated for corro- 
sion resistance and to provide a good 
contact surface for soldering. 

On ratings from 300 volt-amp to 144 
kva, diagrammatic nameplates are pro- 
vided. For the kva ratings below 300 
volt-amp, etched letters and numerals 
are used for identification of terminals. 
On the units with leads out, permanent 
lead markers are provided. By using 
up-to-date design procedures it was 
possible to keep the cost of these spe- 
cial units down to a point where they 
may be released as a standard unit. 

OOsG 


High Power Factor Room Air Conditioners 


POWER FACTOR IS RAPIDLY BECOMING an 
important index of room air conditioner 
performance. The higher it is, the lower 
the current used for the same motor 
load, reducing the loading on house 
wiring circuits, minimizing blown fuses, 
and keeping installation expense at a 
minimum. 

High power factor is of particular 
advantage on 115-volt room air condi- 
tioners, because many people desire to 
install them on existing house wiring 
circuits. In such instances, the amount 
of added current load is extremely im- 
portant. 

The electric service companies are 
also interested in high power factor 
room air conditioners, because they re- 
duce the current loads on the power 
lines and transformers. This was not 
too important until the last few years 
when room air conditioners sales sud- 
denly rose to over a million units a 
year. Such a volume of new installa- 
tions added greatly to the current loads 
on many power distribution systems, re- 
quiring heavier transformers and exten- 
sive system changes. 

The power factors of room air condi- 
tioners have generally been in the range 
of 60 to 80 per cent, with most oper- 
ating around 70 to 75 per cent. The 
trend in all air conditioners is 
towards higher power factors in the 
area of 90 per cent) 


room 


because of the 
many advantages it brings to the user 
and home owner. However, to date there 
is a wide range in the power factor 
characteristics of those 
market. 


units on the 


As an example of the improvement 
in room air conditioner design, the Gen- 
eral Electric 1955 14-hp, 115-volt model, 
with high power factor (HPF) design. 
draws 40 per cent less current than the 
G-E 1954 %-hp model. With 90 per 
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Traffic Signal Designed for Lighter Weight 


WEIGH! 


SAVINGS OF 45 PER 


CENT 


have been achieved in the 


design of a new trafhe light, shown, by using formed aluminum 
parts. Developed by the Outdoor Lighting Department of Gen- , 
eral Electric Company. the lightweight light is claimed to be 
more rugged and easier and less expensive to install than pre- 
vious models made from aluminum castings. Universal brackets 
permit mounting in any position. 
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to protect 
equipment 
against 
overloads 


use Adlake 
mercury relays 


The new Adlake Mighty Midget relay, like all Adlake 
relays, requires no maintenance whatever . . . is quiet 
and chatterless . . . free from explosion hazard. Dust, 
dirt, moisture and temperature changes can’t affect 
its operation. Mercury-to-mercury contact gives ideal 
snap action, with no burning, pitting or sticking. 


Write for catalog and information. 


The Adams & Westlake Company 
Established 1857 « Elkhart, Indiana « New York « Chicago 


/ Y f 
Make 


the originol and largest manufacturers 
of mercury plunger-type relays 
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cent power factor and more efficient 
compressor and fan motors, it con- 
sumes 20 per cent less power for the 
same amount of cooling than did the 
comparable 1954 model. Current is 
now down to only 7.5 amp which is less 
than that drawn by a flat iron or 
toaster. From the standpoint of house 
wiring and installation, this low amount 
of current meets the requirements of 
the National Electrical Code for install- 
ing the unit on existing 15-amp multiple 
outlet circuits. Protection during start- 
ing is provided by a dual-element time- 
delay fuse in the unit. 


The attainment of 90 per cent power 
factor in the new G-E models was due to 
two steps: Use of motor-run capacitance 
in the basic compressor motor design 
and use of more efficient fan motors. 
Shaded-pole motors had been used for 
the fans, with power factors of 48 to 58 
per cent. In place of them a permanent- 
split-capacitor motor was designed that 
was much more efficient and when oper- 
ated with a separate capacitance or in 
conjunction with the compressor-motor- 
run capacitor resulted in a power factor 
of 95 per cent. Later a new “extended 
winding” shaded-pole motor was de- 
veloped with an 80 per cent power 
O00 


factor. 





General Electric High Power Factor 44-hp 
room air conditioner. 


Zinc Metallizing Used to Shield Electrical Components 


TO PREVENT UNWANTED reactions be- 
tween circuits of the Dictaphone Time- 
Master Recorder, the designers were 
faced with the problem of shielding 
electrical parts without materially af- 
fecting the internal physical layout of 
the machine. Such parts as the micro- 
phone hand-set, amplifier cover and 
other components, Fig. 1, are made of 
phenolic plastic, which though a non- 
conductor, is electrically transparent to 
radiations in the audio-frequency range. 


To overcome this problem the insides 
of the parts are metallized with zinc 
and the coatings grounded to the 
chassis. 

Shown in Fig. 2 are reproducer pivot 
blocks being metallized. Portions of 
these components which are not to be 
shielded are masked, and the pivot 
blocks, held in a special fixture, are 
sandblasted for 3 min. The pivot blocks 
are then transferred to another fixture 
and metallized 0.002 in. to 0.003 in. 
thick with zinc. OOO 








FIG. 


1—Dictaphone parts electrically shielded with metallized zinc. Top row 


amplifier cover, foot control cover, switch cover and amplifier coyer. Bottom row— 
microphone housing body and cap, reproducer pivot block, insert and speaker case. 


FIG. 2—Zine metallizing ten Dictaphone 
pivot blocks in special fixture. Parts have 
previously been sandblasted. 


Nickel Tubing Carries Current in Wireless Fixture 


INSTALLED IN THE MAIN LOBBY OF New 
York’s Barbizon-Plaza Hotel, an ultra- 
modern lighting fixture, called the Wire- 
less Chandelier, uses tubes and rods in- 
stead of wires to supply current to 192, 
6-volt bulbs. The complex maze of shin- 
ing nickel tubes, brass rods and lights 
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is 12 ft in diam, weighs 140 lb and is 
made entirely of metal. Fixture was de- 
signed by Richard Kelly, New York in- 
dustrial designer, and was fabricated bv 
Edison Price, Inc. 


The light weight was achieved by the 


extensive use of tubing—24 pieces of 54 


in. and 96 pieces of %e in. nickel tubing, 
cold drawn by the Superior Tube Com- 
pany. The current bearing tube also 
serves as a rigid skeleton and as a sys 
tem of reflectors to give the slowly turn- 
ing fixture a sparkling effect. 

Current is supplied to the bare tubing 
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Why Bodine motors 
were selected 
for Hedman 


Check Writers 


signs and dates checks ten times faster than 


) This is a Hedman Sign-O-Meter and Dater. It 
you can do it by hand. 





the Check Protector. The same motor is also 


4 Here’s the Bodine Type VCF-12 motor used in 
used in the Sign-O-Meter and Dater. 


"For over 35 years, we have 
used Bodine motors. We 
require motors that are small 
in size, sturdily con- 
structed, long lasting, 
trouble-free and quiet in 


operation. Nonetheless, they 


have to supply the necessary 
high torque needed. In 
addition, we have always 
found Bodine engineers very 
cooperative in helping us 
with our motor problems." 


with Bodine Fractional Horsepower Electric 


6 And here, Mr. Johnson ‘tells of his experience 
Motors...see above. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


3 





d 


] 





This is a Hedman Check Protector. It imprints 
the amount of your check...in indelible ink; 
then shreds it into the paper. 





You can use the two units singly or together as 
shown above. Three separate locks prevent un- 
authorized use of signer. Forgers are com- 
pletely thwarted. 


This is Mr. C. W. Johnson, Vice President of 
the Hedman Company, manufacturers of both 
machines. 


50th Anniversary 


=jo;» # #&3 


Milde 
wmienn . > 





Be sure your motor is as good as your product. 
For information contact Bodine Electric Com- 





pany, 2256 W. Ohio St., Chicago 12, Ill. 


BODINE MANUFACTURES 
FRACTIONAL HORSEPOWER 
ELECTRIC MOTORS FOR: 


dictating machines 
electric typewriters 
revolving signs 
adding machines 

coin counters 
therapeutical equipment 
film projectors 
printing timers 
automatic dispensers 
electronic controls 
stapling machines 
tape dispensers 
automatic wrappers 
compressors 

check signers 
recorders 

type setting machines 
display units 

...and for many 
other applications. 





Ask for a sample copy of 
“The Motorgram,” a 
bi-monthly publication 
discussing application and 
design of fractional horse- 


power electric motors. 
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DESIGN TRENDS 


through a 7-ft length of 5% in. nickel 
rod, connected to collector rings in the 
ceiling assembly. The rings are used to 
rotate the entire unit at less than 1% 
rpm. Current return from each bulb is 
through 1% in. brass rods which are con- 
nected to 24 vertical brass rods suspend- 
ed from the ceiling. A ceiling-mounted 
transformer supplies current at 40 amp 
and 6 volts, and despite the lack of in- 
sulation, the low voltage used permits 
the chandelier to be lowered and the 
bulbs to be changed with the current on. 
The fixture is held in precise position 
and balance by a centrally located, 234 
in. diam bronze ball. Chandelier weight 
is counterbalanced by eight Neg’ator 
springs to permit easy lowering. 


Precision-Molded 


INTEGRAL MOLDING OF phenolic control 
panels for Remington-Rand’s Univac 
digital computer permits closer toler- 
ances than previously attainable, and 
eliminates secondary drilling and mill- 
ing operations. This method was 
developed by engineers at the Auburn 
Button Works, Auburn, N. Y. 

The panel boards are used to pro- 
vide a method of programming the 
computer. A series of four 8 in. x 10 in. 
panels, each containing 816 holes and 
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Fig. 1—Completed molded phenolic 
panel board for Univac No. 120 digital 
computer is 8 in. x 10 in. 
816 Hole 


and contains 


holes. locations held to 


are 
+0.007 in. Lettering and numerals are 
silk screened on the surface. 
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terminal 
block. Female contacts are permanent- 
ly attached to the panel. 
Special spring jacks with patch cords 


34 ribs, serve as a stationary 
stationary 


are snapped into the holes of a match- 
ing removable panel to provide electri- 


cal contact between the two boards. 
Removable panels serve as a_ plug 
terminal for the electrical components 


making up the problem analog. This 
method — for 
programming the computer with mini- 


arrangement provides a 
mum delay. Exact alignment of match- 
ing boards is essential to insure good 
electrical jacks and 


contact between 


plugs. 





Fig. 2 


block for this computer. 


Stationary panels are mounted 





Phenolic Computer Control Panels 


In an earlier method, the panel 
fabricated from NEMA 
LE grade phenolic laminate. The 816 
drilled in unit, and 


34 slots milled in each stationary panel. 


boards were 


holes were each 


Holes were drilled at a rate of 100 
boards in 21-I'5 hr. and slots were 
milled at the rate of 100 boards in 


2-7 8 hr. Edges had to be ground to 


finish dimensions. after which boards 


were fiber-brushed and varnish-dipped 
for impregnation. 
Several inherent in 


problems were 


this method. Dimensional stability of 
the phenolic was affected by the 
temperature and humidity conditions 


terminal 


groups of four to serve as 


. 
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selenium 
LLOW rectifiers 


designed 


Gor friter 


Four output ratings from 65 to 150 milliamps, and 
a choice of three terminal styles, are now avail- 
able from Federal to meet your printed circuit 
requirements. 

The new terminal designs cut your assembly 
and soldering costs... permit rapid automatic or 
manual insertion into printed circuit boards. 

Terminal shoulder stops keep the rectifier plates 









TERMINAL TYPES 


TYPE DESCRIPTION 





DETAIL DRAWING 









Square Tipped —for light- 
gauge printed circuit boards 
up to 1/16” thick. 





off the board. Result: rectifier cooling is im- 
proved and extra board area is freed for additional 
printing! 

And, as with all Federal selenium rectifiers, you 














2» FF ; 
- 15 

64 

cali 
ced 






















can count on their long life, high output voltage, 
low temperature rise, excellent humidity resist- 
ance, and UL acceptance. 















Tapered — for maximum ease 
of insertion in heavy-gauge 
printed circuit boards up 

to Ye’ thick. 


Snap-In—for 1/16” printed 
circuit boards subject to 
vibration or inversion. Termi- 
nals lock rectifier in place. 


FEDERAL PRINTED CIRCUIT RECTIFIERS 


FTR No. 1266 1279 1265 1308 1444 1357 1297 1445 1400 1383 1494 1495 
DC Output ma (moximum) 65 65 65 65 65 75 75 75 100 100 100 150 
AC Input V (rms maximum) 130 130 130 130 130 130 130 130 130 130 130 130 


Terminal Type A B A B Cc 





A B 





Cc A 


For more information on Federal Printed Circuit Rectifiers 
phone NUtley 2-3600, or write Dept. F-916. 


Federal printed circuit rectifiers can be designed for your 
application in ratings up to 195 volts AC and 600 milliamps DC 


EFI 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 185 


Federal Telephone and Radio Company 
A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD « CLIFTON, N. J. 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 
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(OR rene ne er ance Serene 


at the time of molding and drilling, 
making it extremely difficult to obtain 
the required alignment between the 
stationary and removable panels. Also, 
time spent in drilling, milling and 
impregnating the panels constituted a 
major portion of the overall cost. 

In molding the complete unit, hole 
locations are held to +0.007 in. from 
center to either end, and hole diameters 
are held to +0.001 in. Boards leave 
the mold ready for use except for 
finish grinding of the edges and silk 
screening of the circuit symbols. 

Panels are produced on a _ positive- 
type compression mold 


with a com- 


Automatic Machine 


PUNCHED - TAPE - CONTROLLED MACHINE 
(Fig. 1), developed by the Bell Tele- 
phone Laboratories, automatically wires 
complex electrical circuits. The machine 
produces solderless wrapped connec- 
tions, which are made by automatically 
wrapping six turns of solid-conductor 
wire around a rectangular terminal. An 
airtight, corrosion-resistant contact be- 
tween the wire and terminal at 
numerous points results from the high 
wrapping tension. 

Solderless wrapping connections 
eliminate three common disadvantages 
of soldering methods: (1) Danger of 





Fig. 1—Developed at Bell Telephone Laboratories, this machine 
automatically wires complex electrical apparatus. 
are fed to it from a punched tape, like that held here by R. F. 
Mallina who designed the machine. Relays translate this infor- 
mation into signals that control machine operation. 
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Fig. 3—Removable panel group, also for 
model No. 120 computer, is readily at- 
tached by spring hinge mounts. Once 
problem is programmed, entire panel 
may be removed for later use. Im- 
portance of accurate hole alignment 
between stationary and removable panels 
is evident in this view. 

plete cycle taking approximately 4 
min. Interchangeable cores and pins 
allow molding of both _ stationary 
and removable boards with the same 
mold. Dimensional accuracy is achieved 
by: (1) A special blend of phenolic 
compound; (2) staggered design heat- 
ing unit to promote uniform curing; 
and (3) alternate grouping of core 
pins from both cavity and force side 
of the mold. 


OOO 





For Solderless Wrapped Connections 


burns from soldering irons. (2) Dis- 
agreeable solder odor. (3) Risk of short 
circuits from solder splashes or wire 
clippings. BTL tests indicate long-life 
expectancy for these connections. 

The experimental machine (desig- 
nated M-4) uses two rotating spindles. 
The wire is fed directly from a large 
spool. One spindle pulls the wire, in 
an inverted L-shaped movement, to a 
connecting terminal. Simultaneously, 
the wire is cut to the correct length 
at the second spindle. The spindles 
strip some insulation from each end 
of the wire as they whip the bare wire 


Fig. 2 
Instructions 


ends around the terminals. A pressure 
of about 15,000 psi is developed ai 
each contacting area. In accordance 
with the operational instructions fed 
into the machine by the punched tape, 
the spindles then pick up the supply 
wire from the spool and move to the 
next electrical connection where the 
process is repeated. Figure 2 illustrates 
a typical assembly wired by this auto- 
matic method. 

Ultimately, BTL engineers say, the 
M-4 machine can be used in multiple 
installation, electronically programmed 
Oo O€c 


from a single source. 





Five-tube radio receiver on the right has been wired by 
ordinary soldering methods; that on the left has solderless 
wrapped connections made on the BTL machine. Components 
can be mounted on plastics panels, with terminals protruding 
through regularly spaced holes. 
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New Components 
and Materials 


A staff compilation of the latest—and only the latest 
screened for designed-in use in electrically operated end products . 


developments 


- - Com- 


plete with all released specifications and available application data. 





STATOR DESIGN PROVIDES RERATED MOTORS WITH IMPROVED VENTILATION 


New stator design of Series 100 motors, 
available in rerated NEMA frame di- 
mensions, provide an improved ventilat- 
ing system. Instead of the conventional 
smooth outer surface, the new stator 
has wide ventilation slots in its outer 
periphery with the dividing “fins,” 
fitted against steel frame, providing air 
passages for the free movement of fan- 
driven air. Efficient heat dissipation is 
achieved by greater contact between 
circulated air and stator core. A high- 
volume aluminum fan and rotor fans 
create further air turbulence around 
the windings. 

Operating temperatures of TEFC 
models are well within the standard 
55 C rise; in open-enclosure types, 
well within 40 C. 

Additional construction features in- 
clude a copper-clad rotor; Mylar poly- 
ester film slot insulation; and true 
cartridge-type bearings. fully enclosed 
and protected against the entrance of 





dust from both the inside and outside 
of the motor. 

In the Series 100 TEFC enclosure, 
bearings stay protected even when the 
end-plate is removed for motor inspec- 
tion or servicing. When three screws 
are removed, the end-plate comes off 
independently of the cartridge outer 
bearing cap. Double-shielded bearings 
are standard on all motors in the line. 


Use is made of the Howellube greas- 
ing system, in which grease from the 
gun enters the bearing cavity and 
exits through a relief duct on the same 
side of the bearing. This feature, plus 
the double-bearing shields help to pre- 
vent over-packing with grease. Howell 
Electric Motors Co., Howell, Mich 
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COLD-PUNCHING XXXP LAMINATE SUITED FOR PRECISION PRINTED CIRCUIT APPLICATIONS 


Electrical grade phenolic laminated 
plastics that can be punched at room 
temperature is particularly suited for 
copper-clad printed circuits where auto- 
matic operations require close registra- 
tion of punched mounting holes for 
component inserters. Permitting punch- 
ing at temperatures as low as 68 F, 
Grade XXXP-470 Phenolic is said to 
assure precise dimensions of holes and 
hole spacings. 

The cold punching laminate is avail- 
able in the same thickness range, tol- 
erance, and sheet sizes as the company’s 
other XXXP grades. It properties of 
high insulation resistance and low elec- 
trical losses, even under severe humidity 
conditions, match or exceed values of 
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these properties for the Company’s hot 
punching grades. Also, its copper-clad 
bond strength and hot solder dip prop- 
erties are comparable to other copper- 
clad grades in the line. 

In order to achieve its good punching 
characteristics, the new material has 
lower flexural strength and higher cold 
flow than other XXXP grades. 

Typical properties of Grade XXXP- 
170 include: 


Flexural strength, psi 


MD 14,100 
CD 11,600 
Water absorption, per cent 0.48 


Dissipation factor, 10° cycles 
Condition A (as received) 
Dielectric constant, 10° cycles 


0.268 
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BY 
FILTORS, INC. 


MTG. CENTERS | 


LATCHING 
SUB-MINIATURE 


Magnetically Held — 
Electrically Reset 





This Latching Relay is believed to 
be the smallest and lightest hermeti- 
cally sealed latching relay available 
anywhere today, it is only one inch in 
diameter and 1-9/16” long (excluding 
terminals). Its weight is only 3.3 oz. 


Contact rating: 
3 Amps. resistive 
at 26.5 VDC or 115 VAC. 


Coils: 
Latch-in—200 ohms 


Reset—375 ohms 
(Either coil may be energized continuously. ) 


Shock: 
50 G 


Vibration: | 
10 G at 10 to 500 CPS 


Amb. Temp: 
—65°C to +125°C 


TO SPECIFICATIONS 
MIL-R-5757B and MIL-R-25018 (USAF). 
Also made in 


2PDT (Type L26F6) and 
6PDT (Type L26F18). 


Write for NEW catalog today 


FILTORS, inc. 


PORT WASHINGTON, L. I., N. Y. 
30 SAGAMORE HILL DRIVE 
TEL: PO 7-3850 
CANADA: 
MJS Electronic Sales Ltd., Ajax, Ontario. 
Tel: EMpire 8-3806. 
EXPORT: 
Maurice |. Parisier & Co., 1860 Broadway, 
New York 23, N. Y. 
Cable Address: MIPARISIER NEW YORK 
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Condition A (as received ) 3.40 
Rockwell hardness, 23 C M94 
Cold flow, division change 43.0 

Insulation resistance, megohms 

(46x 1% in. specimen with 

%46 holes on % in. centers) 


Condition A (as received) 1,000,000 


National Vulcanized Fibre Co., 1055 
Beech St., Wilmington 99, Del. 


No. 2, Reader Inquiry Service Cards 


COLD-CATHODE-TUBE 
ELECTRONIC TIMER HAS 2 
PER CENT ACCURACY 


Built-in voltage regulator on Model 2. 
Type CK electronic timer overcomes the 
effect of line voltage variations, so that 
the timed interval varies less than 2 
per cent of full scale for any line-voltage 
change between 95 and 125 volts. On 
minimum settings there is an inherent 
error of 5 millisec. 

Other features include: a dustproof 
housing that totally encloses the mech- 
anism, and plug-in relays. Timer is 





available in two mounting styles: Model 
2F_ (illustrated) for front-of-panel 
mounting, and Model 2B for back-of- 
panel mounting. 

Six operating styles are available 
The general-purpose unit has single- 
pole double-throw load contacts inde- 
pendent of the timing circuit; a modi- 
fication of this unit provides momentary- 
contact start, self-recycle, non-repeat, 
with load circuit not isolated from the 
control circuit. 

Starting from a momentary contact, 
with automatic reset and lockout at the 
end of the timed interval is made pos- 
sible by a unit having its load contacts 
isolated from the controller circuit. 
Tube cutout for long timed-out periods 
is provided in another style; additional 
types are also available. 

Dimensions for all units, including 
ease, is 5 in. high x 414 in. wide; overall 





depth, including control knob and 
terminals is 346 in. A _ bracket pro- 
vides for mounting on 3x 6 centers. 

Timers are available in full-scale 
ranges of 0.2, 0.5, 1.5, 3, 6, 12, 24, o1 
60 sec; a variable control with 0-100 
graduated dial permits setting intervals 
down to 0.03 sec for each range. 

Type CK timer operates on 115 volts 
(a-c). Since it operates by means of a 
cold-cathode tube, it requires no warm- 
up time and draws current only while 
timing. Relay contact are rated 8 amp. 
non-inductive. Farmer Electric Products 
Co., Inc., 21 Mossfield Rd., Waban, 
Mass. 
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CENTRIFUGAL SWITCH FOR 
SPEED GOVERNING 


Latest addition to a line of centrifugal 
speed control switches, the Syncro- 
Snap under-speed unit is especially de- 
signed to eliminate consequences of 
overloading, as well as belt slippage 
or breakage, or other conditions which 
would reduce rpm on mechanical o1 
electrical devices. At a predetermined 
minimum speed, the switch will stop 
the operation of the unit. It is recom- 
mended for use on such appliances as 
clothes driers, washers, and air con- 
ditioners, as well as on electric motors 
and compressors. 

While operating at normal speeds, 
the rotary section of the under-speed 
control does not touch the stationary 
switch. No friction or wear is involved. 
Only when speed falls below the pre- 
determined minimum, does the device 
move. 

The switch consists of three parts, all 
of which are frictionless in operation 
\ retaining plate permits positive at- 
tachment of the switch to the shaft of 
the operating unit. To this retaining 





OPERATING 
POSITION 


ACTUATED 
POSITION 


plate is attached the heart of the switch, 
a one-piece conically shaped disk. Cen- 
trifugal weights are mounted directly 
onto this disk. When actuation takes 
place, the disk is moved outward in a 
horizontal direction away from the re- 
taining plate. To the disk, is attached 
an insulating spool which makes the 
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New NEMA Frame Sizes 


No longer is it necessary for the designer to compromise motor 
power or performance to meet size and weight limitations! 


Now, Lima has in production all ratings in new NEMA frame 
izes 182, 184, 213 and 215—-with the 254U through 326 frames 
f, ® 

‘ollowing on an accelerated schedule. 


If your application requires greater efficiency in a smaller size 
with less weight, better protection and longer service-free life... 


THE LIMA ELECTRIC MOTOR COMPANY, 4751 Findlay Road 


then these new Lima Motors have been designed for you! Get de- 
tailed information from your Lima Representative now. If he is 
not already calling on you, his name and address will be found 
in the following Trade Directories: Thomas’ Register, Mac Rae’s 
Blue Book, or Conover-Mast Purchasing Directory. 


Of course, the former NEMA frame sizes 66 to 505 (14 to 150 


H.P.), incorporating the latest advances in motor design, will 
remain in production, 


Lima, Ohio 


Representation throughout the U. S., Canada and abroad 


FIRST...FOR MOTORS... DRIVES...SPEED REDUCERS 








FOR RELIABLE ASSISTANCE WITH 
SOLDER AND FLUX 


PROBLEMS 





SEE AN (Gc) MAN 


a highly trained field SPECIALIST 
ALWAYS available in YOUR 
TERRITORY to give you 
QUALIFIED ASSISTANCE. 


ALPHA METALS, INC. 
64 Water St., Jersey City, N. J. 


QUALITY CONTROLLED PRODUCTS 
BY SPECIALISTS in Solders. Fluxes, Tin 
& Lead Products FOR OVER 50 YEARS 





offers the facili- 
ties of a modern 
well equipped 
metallurgical lab- 
oratory, compe- 
tent research 
staff and trained 
field specialists 
to help you solve 


PRINTED 


CIRCUIT 


FLUX or 
SOLDER 
PROBLEMS 
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actual 
switch. 
Design of the 


contact with the 


stationary 
under-speed control 
requires a rapidly decreasing rate of 
pressure to hold the synchro-disk in 
position as the critical speed is ap- 
proached. This feature, combined with 
the rapidly decreasing centrifugal force 
(the square of the speed of the shaft), 
results in a positive snap action, elimi- 
nating any tendency to flutter or chat- 
ter. and providing fast, arc-free open- 
ing of the stationary switch contact 
points. Action of the switch is deter- 
mined by speed alone, regardless of 
voltage or load. 

Operational tests of the switch are 
said to show a life expectancy of 1.5 
to 3 million cycles. Torq Engineered 
Products. Inc.. Interstate St.. Bedford. 
Ohio. 

rcle No. 4, 


SELENIUM RECTIFIERS FOR 
PRINTED-CIRCUIT USE 


different types of 
selenium rectifiers 
is designed for insertion into printed 
circuits automatically or manually. The 
three types of available terminals are: 
a square-tipped type for insertion 
into printed circuit boards up to 1/16 
in. thick: a 
for maximum 


three 
terminals. line of 


Employing 


tapered type designed 


insertion by 


ease ot 





automatic equipment in printed circuit 
boards up to 1/8 in. thick; and a 
snap-in type which holds the rectifier 
firmly in place even when the circuit 
board is subjected to vibration or is 
inverted prior to soldering. 
Shoulder 

terminal are 


stops on each type of 
hold the 
rectifier plates off the board. This per- 
mits conductors to be run between the 


terminals of the rectifier and 


designed to 


allows 
for proper cooling. The spacing be- 
tween terminals has been standardized 
for each type of printed circuit recti- 
fier. All terminals are hot tin dipped 
to facilitate dip soldering. 

The rectifier series, presently avail- 
current ratings up to 150 
milliamp for line input 
to 175 volts a-c. consists of 12 different 
rectifiers in 11 16. 1 and 1-1/4 in. cell 
sizes. with further expansion planned. 


able in 


voltages up 





designed for up to 600 
milliamp. Components Division, Feder- 
al Telephone and Radio Co.. 100 
Kingsland Rd., Clifton, N. J. 
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LIGHT-DUTY OIL-HYDRAULIC 
POWER UNITS 


Packaged oil-hydraulic pipeless power 
units, featuring design flexibility and 
manifold mounting of control compo- 
nents are designed for such light-duty 
industrial applications as clamping, 
indexing and _ transfer operations 
Designated Series T8, the packages con- 
form to JIC recommendations, contain 
electric drive motors meeting new 
NEMA frame size specifications, and 
are recommended for use with systems 
requiring operating pressures up to 
1000 psi. 

Pumps and valves on the units are 
directly connected to a common mani- 
fold mounting panel, eliminating all 





external piping on the power unit itself, 
minimizing both maintenance and pos- 
sibility of leaks. 

Series T8 power units consist basically 
of an electric drive motor, an oil- 
hydraulic pump and a control circuit. 
mounted on an 8-gal reservoir. Three 
pump capacities are available: 2.2, 3.7 
and 5.2 gpm rated deliveries at 1800 
rpm and zero pressure. The three avail- 
able electric drive motors are rated at 
1, 1% and 2 hp at 1800 rpm. 

Also available are three control cir- 
cuits, 
pump and a relief valve which provides 


Type 1 consists simply of the 


adjustable overload 
1000 psi. 
relief valve. a solenoid-controlled pilot- 
operated directional 
cartridge-type check valve for develop- 
ment of pilot check 
valve is built into the manifold mount- 
ing panel. Circuit Type 3 cénsists of 


protection up to 
Type 2 consists of pump. 


valve, and a 


pressure. The 


pump, relief valve, two directional 
valves and a pilot pressure check valve 
Seven spool configurations, three 


spool positions, and six spool control 
modifications for varying rate of valve 
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Engineered by Tinnerman.. 


THIS SPEED NUT*FASTENS WITH ONE MOTION, 
STAYS TIGHT FOR KEEPS...and saves money! 


This SpeED Nut developed specially for ceiling 
lights produced by the Imperial Lighting Products 
Company, Latrobe, Pennsylvania, gained almost 
unbelievable savings of 80% in assembly time! 


Once fastened to the socket assembly, it snaps 
into position quickly and easily by hand. No 
special tools or skills required. And this one-piece, 
spring-steel SPEED Nut does the job better than 
the three parts it replaces—a nut, screw and special 
tapped bracket. Additional savings are possible 
because there are fewer parts to purchase, stock 
and handle. 





This is a typical example of SPEED Nuts engi- 
neered for special fastening applications. 
Tinnerman develops an average of 4 new SPEED 
Nuts every day for products of every description. 
And there are more than 8,000 existing variations 
to choose from. 


A Tinnerman Fastening Analysis Survey can 
quickly tell you where SPEED Nut brand fasteners 
belong on your assembly line. Call in your 
Tinnerman representative soon for full informa- 
tion and write for our Fastening Analysis Service 
Bulletin No. 336. 


TINNERMAN PRODUCTS, INC. * Box 6688, Dept. 12, Cleveland 1, Ohio 
Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aero- 
cessories, Limited, Treforest, Wales. France: Aerocessoires Simmonds, S. A., 7 rue Henri 
Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH “MECANO”, Lemgo-i-Lippe. 


TINNERMAN 
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GAR CHILLER 


Provides 4 to 50 Ibs. or more of air per 
minute at —70° F or lower continuously 
without dryers at pressures to 15 psi 
or higher. Elevated temperatures also 
available. Rapid raising and lowering 
of temperature can be provided as 
well as vacuum pump equipment for 
simulating cold air at high altitudes. 
Complete unit custom designed with 
automatic defrost. 





Conditions any liquid — fuel, corrosive 
or non-corrosive — at pressures to 
1000 psi and higher with flows of 
100,000 Ibs. per hour if required. Tem- 
peratures of —70° F-or lower or 
elevated temperatures if required. 


Other American Research test facilities 
include simulation of Altitude, Tem- 
perature and Humidity in any combi- 
nation, Sand and Dust, Explosion, 
Rain and Sunshine and Fungus, as 
well as Industrial Processing Equip- 
ment and a new line of Hydraulic Test 
Stands. 


Write for complete catalog. 


PLM OLE 


CORPORATION 


833 BROOK ST. BRISTOL, CONN. 
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response permit combinations to meet 
performance requirements. Vickers, 
Inc., 1400 Oakman Blvd., Detroit 32. 
Mich. 

-ircle No. 6, Ri 


SUBMINIATURE POTENTIOM- 
ETERS WITH RESISTANCES 
TO 100 KILOHMS 


Only 1% in. in diam, subminiature wire- 
wound potentiometers are available in 
standard models with values from 200 
ohms to 100 kilohms +2 per cent. 
Linearity is 0.3 per cent; ambient tem- 


God 





| | 
ll 
perature range, from —55 to 125 C; 
power rating, 2 watts for 60 C rise. 
Torque is 0.035 oz-in. at 20 C. Avail- 
able in standard, servo or flush mount- 
ings; dual or up to 6-gang units. Ace 
Electronics Associates, 125 Rogers Ave.. 
Somerville 44, Mass. 
No. 7, 


HIGH-SPEED CLUTCH 
CONTROLS FOR PRESSES 


New series of high-speed clutch con- 
trols for presses with pneumatic clutch- 
and-brake consists of three enclosure 
sizes. All 


provide nonrepeat 


three are equipped to 
protection and the 


functions of inching, single stroke and 


ie % S 


Ue 





i 


continuous operation; selection is con- 
trolled by the positioning of an ex- 
terior oil-tight selector switch. 

The small, basic control is designed 
to meet the average requirements of 
a high-speed press. The medium size 
control may be equipped for timed- 
inching or with a Size 1 magnetic 
motor starter. The large size, built to 
conform to JIC and NMTBA standards. 





incorporates controls for press clutch 


and brakes. Size 1 starter for 


press 
drive motor, and externally operated, 
cover-interlocked disconnect switch. 


Optional functions of hand-foot, semi- 
continuous, and timed-inching are all 
available on the large size panel. 

Enclosures are of NEMA 12 con- 
struction with gasketed cover and ex. 
ternal mounting straps—there are no 
holes in the enclosure. Each operating 
switch or pushbutton is oil-tight and 
Dual voltage (220-440 volts) 
primary transformers are provided. The 
air solenoid operates on 110 volts a-c 
from the transformer. A double relay 
is used to control the air valve solenoid. 
Blocking rectifiers are used across the 
a-c air valve solenoid coil to reduce 
arching at relay contacts and provide 
more consistent drop-out time of the 
solenoid. 

Each control is fully interlocked. In 
addition, a lock is provided on the 
panel, protecting it against internal 
tampering. Fawick Airflex Div., Fawick 
Corp., 9919 Clinton Rd., Cleveland 11, 
Ohio. 


sealed. 


No. 8, Reader Inquiry Service Cards 


BERYLLIUM COPPER PIN 
FASTENERS 


Beryllium copper series of Rollpin 
fasteners extends use of the fastener 


line applications requiring non-mag- 
netic equalities, good electrical con- 
ductivity and high resistance’ to 


corrosion. The fasteners are particular 
ly useful in conjunction with other 
copper base alloy components where 
galvanic action is an important design 





feature 
inexpensive 
pins, straight 
solid pins and set screws. It is also 


consideration. 
makes the 
replacement for 


Self-locking 


fastener an 


taper 


rivet, dowel 


hinge pin, cotter pin or stop pin. 


successfully used as a 


The fastener is a slotted chamfered 
tubular spring pin, heat-treatéd to 
achieve maximum strength. Each pin 
controlled diameter © slightly 
larger than the fractional drill size 
hole into which it is to be inserted. 


has a 


is driven into the 
hole, it provides a continuous spring 
machine into drilled holes of normal 
pressure against the hole walls that 
prevents loosening even under severe 
vibration. Easily inserted by hand or 


Compressed as it 
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*BH Non-Fraying Fiberglas Sleevings 

are made by an exclusive Bentley 

Harris process (U.S. Pat. Nos. 

2393530: 2647296 and 2647288). 

Fiberglas’’ is Reg. TM of Owens- 
Corning Fiberglas Corp 
A 
0% 
Ao 

eh 
\] (x) 
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unequalled 


moisture resistance 





BH Vinyl-Sil 8000 has no capillary attraction to water. The 
heat-treated Fiberglas braid supporting the stabilized vinyl coat- 
ing is pre-treated with a silicone sizing for water repellency — 
keeps it as dry as the Sahara at high noon. 

In product assembly, proper varnish impregnation is difficult 
with a sleeving containing moisture. During operation, entrapped 
moisture will impair the insulation resistance of the sleeving. 
The presence of moisture will produce corrosive effects when 
coating breakdown is brought about by excessive overheating. 
But not when your products are protected by BH Vinyl-Sil 8000 

it has unequalled moisture resistance. 


And, there are these additional features . . . m/nimum guaranteed 
dielectric breakdown of 8000 volts; high resistance to heat- 
aging, flow, oils, chemicals, abrasion and cut-thru; excellent low 
temperature flexibility. 

All this positive protection is available at a cost no greater 
than that for less modern sleevings. Then, add this saving: 
BH Vinyl-Sil 8000 can be used for many varied insulation 
applications — helps keep sleeving inventories low. 

There’s only one way to know what BH Vinyl-Sil 8000 can do 
for you try it. Send for a sample split it and dip the end 
in an inkwell. You'll see that there is no capillary attraction to 
moisture then make the same test with your present sleeving. 
Samples and data are yours for the asking write today. 


1210 Barclay St. 
Telephone: Conshohocken 6-0634 


BENTLEY, HARRIS MANUFACTURING Co. 
CONSHOHOCKEN, PA. 
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...0n the go with Plenco 


Whether for the amazing abacus or super 
accurate electronic office calculators, it amounts 
to the same thing—modern industry is using 
more high quality phenolic plastics every 
day—and every day more users of quality 


phenolics are turning to Plenco. 


Plenco today plays a vital role in the 
Plastics Industry. Its vast experience and 
‘‘on the go” program of research, testing and 
special services are paying handsome 


dividends in reduced production costs. 


There is a Plenco phenolic molding compound 


or resin to meet your production problem. 


PLASTICS ENGINEERING COMPANY 
Sheboygan, Wisconsin 


facture of 


Serving the plastics industry in the manu 
high grade phenolic molding compounds, 


industrial resins and coating resins. 


| 


machine into drilled holes of produe- 
tion tolerances, the Rollpin eliminates 
need for special machining. tapping and 
reaming operations. 

Beryllium copper fasteners are made 
in sizes from 0.062 in. to 0.250 in. diam 
and in a wide range of lengths. Elastic 
Stop Nut Corporation of America, 2330 
Vauxhall Rd., Union, N. J. 

f No. 9, Redder quir 





FHP TOTALLY ENCLOSED < 
FAN-COOLED MOTOR 


Constructed in NEMA rerated dimen- 
sions, totally enclosed fan-cooled motors 
are being produced with ratings of 1/2 
to 100 hp for single phase and _ poly- 
phase operation. Illustrated is the 1/2 
hp TEFC motor, recommended for use 
in dirty, dusty, fume and mist-laden 
atmospheres. 

Features of the line include alumi- 
num rotor with skewed laminations. 





and a ventilating fan integrally cast 
with rotor, which acts as rotating seal 





and provides efficient cooling when 
operated in either direction. 

Mechanical modifications make 
available NEMA standard “P” and “C” 
brackets for bolting the motor to the 
machine or the machine to the motor. 
Century Electric Co.. 1806 Pine St., 

St. Louis, Mo. 
No. 10, Re 


Shi 


will 


GERMANIUM DIFFUSED 
JUNCTION POWER 
RECTIFIERS 


Series of germanium diffused junction 
power rectifiers includes Types IN91. 
IN92 and 1N93, which have a reverse 


current at least 20 per cent lower than 





I ‘ 


RETMA specifications for the type. 


; ; tin 
Recommended for blocking, magnetic 
amplifier and magnetic control appli- 
cations, the power rectifiers can also 
replace thermionic diodes in com- 
\ 


@ . 
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Shakeproof Plastic Fasteners 
won'trust... often eliminate 


- 2, NON-CONDUCTIVE | 


WORLD’S BROADEST LINE oF | , 
_ MASS-ASSEMBLY een, — CF meg ——_——_ 


1, NON-CORROSIVE 
























In refrigerators, for example 
shelf supports must be 
completely rust-proof, easy 
to install, and very sturdy. 


Shakeproof Plasti-Supports. 
Have the fastening action 
of a rivet... drive from 

one side only. 


Won't chip or crack 
porcelain enamel. Save 
appliance manufacturers 

thousands of dollars yearly. 


expensive corrosion- 
resistant metal fasteners. 































Bincie athe install 
from one side... withstand 
loads of 500-600 ibs. ca COM 
save thousands of dollars 
on your production line. 


Now, Shakeproof Plasti- 
Grommets eliminate these 
complicated devices. Simply 
snap them in, then drive a 

screw to spread the legs. 


Shakeproof Plastic Fasteners 
are made of excellent 
dielectric materials. They're 
self-insulating, often 

eliminate extra fasteners. 


Mounting a “hot’’ TV chassis 
is critical. Manufacturers 
formerly used expensive 

bracket-to-bracket 
mountings. 












3. COLOR-MATCH 
You name the color... 
Shakeproof Plastic Fasteners 
will be matched to your color 
specifications. 






















Just snap them in... and 
save yourself many produc- 
tion costs and headaches in 
matching colors. 


Use color-matched Plasti- 
Plugs here and save the cost 
of expensive rack painting. 
They won't scratch or rust. 


In modern appliance, color- 
match is important to 
appearance when plugging 
left-over production holes. 









> SHAKEPROOF 


7 7 . “Fastening Headquarters” © 
Free Descriptive Literature 


DIVISION OF ILLINOIS TOOL WORKS 
St. Charles Rd., Elgin, Illinois - Offices in Principal Cities 
See for yourself how you can cut assembly costs and production In Canada: Canada Illinois Tools Limited, Toronto, Ontario 
time .. . and have a higher quality product. Drop us a note and 
we Il gladly send you complete descriptive literature on 
Shakeproof Plastic Fasteners. 

















TYPE MLC 


Capacitance (with 1 Form “A” switch): 
Capacitance between open contacts .75 mmfd; 
Capacitance between closed contacts 2.0 mmfd; 
Capacitance from contact to ground 1.25 mmfd. 

Coil Resistance: Up to 6500 ohms (No. 44 AWG wire). 
Contact Rating: 3 amps. @ 28 VDC max. Suitable 

for low level audio or r.f. loads. Contact 

material dependent on application. 

Contact Combination: Standard, up to | Form 
Shock: Meets requirements of MIL-R-5757B. 
Vibration: 10G up to 500 CPS. 


=e" 







Ba AVAILABLE 
Size: 23/5" wide, 142” long, 1%e’ high CUSTOM 
with 1 Form C. MANUFACTURED 


Applications: For guided missiles, h.f. 


ae : TO EXACTLY 
communications equipment, etc. 


FIT YOUR NEEDS 
e 

SEND FOR 

DETAILS 

NOW 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 











RELAYS « SOLENOIDS « COILS » TRANSFORMERS + SWITCHES + HERMETIC SEALING 
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| clude high efficiency 





puters; in addition, their low ca- 
pacitance permits the passage of 


frequencies up to 50 kc, making them 
suitable for such uses as carrier-type 
servo amplifier rectifiers. 

Also available in production quanti- 
ties is the 1N368, a new germanium 
rectifier especially designed for mag- 
netic amplifiers and blocking applica- 
tions where extremely high forward-to- 
reverse current ratios are required. The 
1N368 meets all RETMA specifications, 

The respective rms input voltages 
for the 1N91, 1N92, 1N93, and the 
1N368, under inductive loads, are 70, 
140, 210, and 140 volts. D-c output 
currents are respectively 150, 100, 75, 
and 100 ma respectively, and peak 
inverse voltages 100, 200, 300 and 200 
volts, respectively. 

Advantages of the new rectifiers in- 
(better than 95 
cent); extremely long life; small 

and high reverse resistance and 
low forward voltage drop. Components 
Div., Federal Telephone and Radio 
Co., 100 Kingsland Rd., Clifton, N. J. 


Circle No. 11, Reader Inquiry 


per 
size ; 


Service Card: 


LIGHTER CLASS B CONTROL 
TRANSFORMERS IN 
STANDARDIZED SIZES 


Use of new materials, including 
Alkanex wire, and a special method 
of frame size-design, are major factors 
resulting in a weight and size re- 
duction of up to 40 per cent in a new 
line of control transformers. All 


red 
ad ponte 
aa me b9 
. ae 


ve OR a 
Pree -_ 





welded-construction and a new clamp- 
the unit with 
greater mechanical strength and better 
electrical characteristics, 


ing structure provide 
with, a_ re- 
duction in stray flux. 

Within each 
related to 
variety of 


frame size, which is 


volt-ampere capacity, a 
voltage combinations — is 
available, with no change in over-all 
and Units are 


mounting dimensions. 


s . 
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G.E. selects Enjay Butyl for versatile 
indoor-outdoor transformer casing 


The use of Enjay Butyl in General Electric’s molded transformer housing 
solved three particular problems—insulation, support, casing. G.E.’s engi- 
neers found that Enjay Butyl has low moisture absorption, fine resistance 
to corona and sunlight, and excellent adhesion to copper. In addition, 
it has a low power factor and good resistance to impact damage. 


In electrical manufacturing and design, Enjay Butyl offers three out- 
standing features: excellent electrical properties, low cost, and immediate 
availability. 


Enjay Butyl may well cut costs and increase the performance of your 
product. Get the facts on this extremely versatile, low-cost rubber. Com- 
plete laboratory facilities and technical assistance are at your service. 
Contact the Enjay Company today. 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N. Y. 
District Office: 11 South Portage Path, Akron 3, Ohio. 


BUTYL 


Enjay Buty] is the super durable rubber 
with outstanding resistance to aging «+ 
abrasion « tear « chipping « cracking « 
ozone and corona «+ chemicals « gases « 
heat + cold + sunlight « moisture 


35 SUCCESSFUL YEARS OF LEADERSHIP IN SERVING INDUSTRY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


199 








200 





AFFILIATE OF 
GENERAL CERAMICS 
CORPORATION 


agnelic¢ 
mplifiers inc 
—announces its new. 





: 
| VARIABLE ! 
| SPEED DRIVE | 


MAGNE-SPEED 


SIZE ll — 





ea 3/4, 1 and 1-1/2 HP 
rx 
8 we SIZE | — 





1/4, 1/3 and 1/2 HP 


aS 





Stepless, instant 
starting, compact, 
50:1 speed range, 
good regulation with- 
out tachometer, long 





life, virtually mainte-  : ; 
nance free service, low cost, — 


nie 


fast response, reversibility, dynamic brake, local 
or remote control. Write for Bulletin SS80-5-55. 
care 


"el \ 
\ 
Other (My) Products and Services 


Magnetic Servo Amplifiers 


Transi-Mag * Amplifiers «Trade 


Analog Computors Nome 
Photoelectric Controls 


DC and AC Regulated Power Supplies 


Application engineering and conversion of tool ma- 
chines and production processes to automatic control. 


BE 

Ky 
Magnetic Amplifiers-«inc <« a 

oa 

| 2 


Tel. CYpress 2-6610 * 632 TINTON AVE., NEW YORK 55, N. Y. 3 





one 





dual 
evcle) and series-multiple ratings. The 
initial 11 
available 


available in frequency (50-60) 


transformer frame — sizes 


) 


include ratings of 25° yg | 


through 2.0 kva for conduit wiring and 
25 va through 250 va for open wiring 

Each transformer is equipped with 
a wiring diagram providing wiring ip. 
formation for all voltage combinations 

In manufacture, use is made of 4 
special impregnation | 
complete 


vacuum-pressure 


cycle. which forces pene 
tration of coils by the impregnating 
varnish, also acting as a bonding agent 
for the laminations. Transformers are 
{ nder. 
writers’ Laboratories. General Electric 
Co., 1 River Rd.. Schenectady 5, N. Y | 


No. 12, R: 


approved for listening by the 


uiry Ser : ' j 


OIL-BURNER MOTORS 


Lightweight motors for oil burners are i 
built to NEMA 


. i 
oil-burner motors 


UL-approved and 


specifications — for 


with No. 56 frame. Designated the 
Series 991. the motors are currently 





available in ratings of 1/6, 1/8 


1/10 and 1/12 hp, for either 115- or] 
230-volt 50-cycle (1450 rpm) or 60} 
cycle (1725 rpm) operation. 


Average weight of motors is onl | 
15-1/2 lb. The 1 8-hp model has a 
breakdown torque of 21-1/2 oz-ft and 
a locked-rotor torque of 15. oz-ft. ,' 

Completely enclosed, the motor: | 
feature three-piece construction. End 
bells are die-cast aluminum alloy, eac! 
with 12 Stator 


ring is fabricated from a single piece 


strengthening ribs. 
of heavy 12-gage steel. Stator coils are | 


heavily insulated with Class A in 


sulation. 


Rotor core is an aluminum. alloy] 
die casting. Bearings are steel-backed 
babbitt and precision-bored. Lubri 


cation is required only once a yeat. | 

The starting switch, which has only] 
part, is said to be com 
servatively rated at one million cycles 
The  flutter-free, action 
assures consistent switch performanct 


moving 


positive-snap 
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1/8. 
115+ or | 
or 60 

| 

s only | 
has 3 
-ft and 

ft. 

motors | 
.. End 
y, eacl 
Stato! 
e piece 

oils are i 
A m 


n alloy 
-backed 

Lubri | 
1 year. 
1as only} 
be con 
cycles. 

action 
yrmance 


KCTURING 


at predetermined speeds and minimum 
wear on stationary contacts. 

The motors are supplied with 
rubber-covered leads as standard, with 
cord or cord sets, or with special lead 
outlets. The Ohio Electric Manu- 
facturing Co., 5400 Dunham Rd., 
Maple Heights, Cleveland, Ohio. 


Circle No. 13, Reader Inquiry Service Cards 
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HERMETIC CERAMIC CASE 
CAPACITORS FOR 125 C 


Hermetically sealed, Vitamin Q. im- 
pregnated ceranic case capacitors are 
designed for operation at temperatures 
up to 125 C. Use of a ceramic instead 
of a metal shell on the new Pacer 
capacitors keeps capacitance between 
the capacitor section and ground at a 





minimum. As a result of impregnation 
with Vitamin Q, a_ special inert 
synthetic impregnant, no voltage de- 
rating is necessary for continuous opera- 
tion at temperatures up to 125 C. 
Smaller-sized capacitors with stabiliz- 
ed wax impregnation are available for 
85 C operation. Sprague Electric Co.. 
307 Marshall St., North Adams, Mass. 


Circle No. 14, Reader Inquiry Service 


ver 


SERVOMOTOR INTEGRALLY 
MOUNTED WITH 
TACHOMETER GENERATOR 
Operating on 60 cycles, new 35-watt, 
2-phase, a-c servomotor-tachometer gen- 
erator unit can be used to regulate the 





speed of a motor or to stabilize closed- 
loop circuits. Motor and tachometer 
mounted on a single shaft; backlash is 
zero, 

The motor component is rated for 
continuous duty at rated output. It can 
be stalled continuously with one phase 





Users prefer 


GARLOCK HYDRAULIC 


PACKINGS 


Garlock CHEVRON* Packing « At 
every pressure, from the lowest 
to the highest, this popular pack- 
ing provides a positive, low fric- 
tion seal. Ideally suited for use 
on hydraulic cylinders (both 
single and double acting), hy- 
draulic rams, plungers of pumps 
and other reciprocating rods. 


Garlock Leather Packings « Cups, 
“U” packings, “V” packings, 
washers, gaskets, discs and 
flange or hat packings, are avail- 
able for all types of hydraulic 
service. Specify Garlock 
BITAN*, a chrome-and-oak- 
tanned leather, or THIOTAN* 
a synthetic rubber impregnated 
leather. 


Garlock O-Rings * Made to Gar- 
lock’s rigid quality standards, 
these O-Rings are manufactured 
with precise tolerances, a flash- 
free finish, and utmost uniform- 
ity. 70 durometer rubber O- 
Rings in all popular sizes are 
available from any of Garlock’s 
branch warehouses. 


Call your Garlock representative 
or write for information on hy- 





draulic packings, designating for Ths aa 
which type, or types, you desire s 

; YP YE : Garlock O-Rings 

literature. 


*Registered Trademark 


THE GARLOCK PACKING COMPANY, PALMYRA, NEW YORK 


Sales Offices and Warehouses: Baltimore + Birmingham + Boston «+ Buffalo « Chicago + Cincinnati «+ Cleve- 


land + Denver + Detroit - Houston+ Los Angeles +» New Orleans» New York City + Palmyra (N.Y.) + Philadelphia 
Pittsburgh + Portland (Oregon) + Salt Lake City » San Francisco « St. Louis « Seattle +» Spokane + Tulsa, 


In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ont. - 


(GARLOCK *” 


Tee 
PACKINGS, GASKETS, OIL SEALS, 
MECHANICAL SEALS, RUBBER EXPANSION JOINTS 
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Have you seen our... 


ETCHINGS ! 





By etchings we mean etched circuits 


Once you see them, we think you'll agree they're unusually 
good. “Wrap-Around,” “Plated-Thru” and “Flush” etched cir- 
cuits as developed by USECO, give you: 
e correct plating ¢ extreme accuracy 
e excellent pattern definition ¢ better contact 
e easier unplugging « longer service life 
‘These are advantages which guarantee unsurpassed perform- 
ance. For information, please address Dept. 17 


Complete line of electronic hardware, including standard and 
special terminal boards. Werld’s largest stock of silver plated 
terminal lugs — over 21 million pieces. 





of the motor excited at rated voltage 
and frequency. The tachometer gener. 
ator can be excited with its rated volt- 
age and frequency. 


Motor characteristics include: 


Reference phase voltage 115 
Control phase voltage 115 
Rotor moment of accel- 

eration (0z-in.*) 1.75 
Minimum locked torque 

(oz.-in. ) 45 
Free acceleration 

(radians/sec? ) 10,600 
Tachometer characteristics include: 
Output volts per 1000 rpm 6 
Linearity (per cent of 

output at 3000 rpm) 1.0 


Residual voltage (millivolts) 60 


Suitable for use in automatic con- 
trollers, the tachometer of the new 35- 
watt unit can be readily adjusted after 
installation so that in-phase residual 
voltage of the tachometer may be kept 
at essentially zero. For magnetic am- 
plifier application, 5714/5714 volt 
control-phase windings are available. 
Servomotor Dept., Diehl Manufactur- 
ing Co., Somerville, N. J. 


Circle No. 15, Reader Inquiry Service Cards 
preceding back cover 


SEALED SWITCH FOR 
AIRCRAFT EQUIPMENT 


Sealed, cylindrical-shaped switch—1 in. 
in diam and 2 in. high—is designed for 
use on exposed aircraft applications. 
Designated the 1EN1-6, the switch has 
two single-pole, double-throw switching 
units sealed within its can-shaped metal 
housing. The housing is evacuated and 
filled with inert gas under pressure to 





\ 


insure constant operating characteris 
tics. Units also features an ice scraper 
at the base of the actuator to remove 
mud or ice which might collect on the 
plunger. 

Six 6-ft leads project at 90-deg 
angles from the base of the switch, 
making it possible to make connections 
in any direction merely by rotating the 
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Now you can get top- performing 
RF Chokes made under CTC’s famous 
quality control — in any quantity, for 
every application, and priced to meet 
your ideas of economy. 

CTC is already mass-producing them 
in a wide variety of standard designs. 
Or, CTC will custom-wind RF Chokes 
to your exact specifications, and give 
you fast delivery in any volume. 

Remember, CTC’s quality-control 
means double-checking of all com- 
ponent parts, and aims each step of pro- 
duction at one goal — to produce the 
best product of its type. In your own 
production, ranging from small runs to 
argest volume, this means consistent 
top quality in components that are vital 
“7 product-performance. 

TC researchers and practical ex- 
perts are always available to help solve 
your component problems. For samples, 
specifications and prices write to Sales 

ngineering Dept., Cambridge Thermi- 
onic Corporation, 453 Concord Ave., 


i ee 


Ps 


WA 


_— 


Cambridge 38, Mass. On the West 
Coast contact E. V. Roberts, 5068 West 
Washington Blvd., Los Angeles 16 or 
988 Market St., San Francisco, Calif. 


NEW RF Choke Kit contains 14 pie-wound 
chokes on LPB-3 forms with axial leads of only 
5/32” in diameter by %” long. Windings are 1%” 
wide, varying up to approximately %” in diam- 
eter. All units varnish-impregnated for moisture 
and fungus-proofing. Inductances are preferred 
values from 6.8 microhenries to 1.0 millihenry. 
Color coded for easy value recognition. 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 
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206 


Modern metallizing—metal spraying—which for many 
years has saved millions of maintenance dollars by restor- 
ing worn machine parts for thousands of companies, is now 


helping many others improve their products, cut produc- 
tion costs. 


In the production of new equipment, tough sprayed metal 
coatings provide highly desirable mechanical or electrical 


characteristics at low cost, in high speed, semi-automatic 
production. 


General Electric, for example, a long-time user of metalliz- 
ing to provide superior wearing qualities on critical areas 
of large turbine shafting, now applies sprayed metals to a 
wide range of its products. Many forward-looking com- 
panies have instituted investigative programs in their re- 
search and design labs to explore the use of metallizing as a 
means of giving their products competitive advantages in 
quality, or performance or price—or all three. 


Metallizing may be able to help your company improve its 
products, economically, reduce machine maintenance costs, 
cut your bills for corrosion protection. It may pay you well 
to look into it. In any event you will find it a fascinating 
subject. Bulletin 51 illustrates and describes ‘‘Metallizing— 
its practical applications” — shows actual work being done 
in users’ shops. We shall be happy to send you a copy. 


Melallizing Lnaineerine Tt 


in Great Britain: 





‘4 


1113 Prospect Ave., Westbury, L. |, New York + cable: METCO 


Telephone: EDGEWOOD 4-1300 
METALLIZING EQUIPMENT COMPANY, LTD.— Chobham near Woking, England 











switch on its axis. Leads are 20-gaye 
MIL-W-5086. 

The 1EN1-6 is designed for bracket 
type or through-hole mounting. The 
plunger operates through a 54 x 24 
threaded bushing 1 in. in length. The 
assembly is complete with lockwasher, 
key washer, and two locknuts drilled 
for safety wire, permitting approxi- 
mately 7% in. adjustment of the oper- 
ating point. 

Operating force is approximately 9 
Ib; full overtravel force is approxi- 
mately 30 lb, release force is 4 lb mini- 
mum. Pretravel is 0.040-in. max; over- 
travel, 0.250-in. min; and differentia} 
travel, 0.020-in. max. Micro Switch, Div. 
of Minneapolis-Honeywell Regulator 
Co., Freeport, Tl. 


Circle No. 16, Reader Inquiry Service Cara: 
preceding back cover 


ROTARY SOLENOID FOR 
60-CYCLE OPERATION 


Designed basically for a-c use. rotary 
solenoid can be operated by standard 
voltages without the use of rectifiers. 
transformers, and related devices. The 
rotary movement produced at the shaft 
simplifies application by eliminating 


need for counterbalancing the spiral) 
rotary 


action of some devices. The 





torque developed by the solenoid is 
said to provide all the desirable force 
characteristics of conventional linea) 
type solenoids, as well as permitting 
easy installation without 
linkages. 

The rotary solenoid is essentially 
toroidal coil system wound on a stator 


levers and 


and a_ shaft-mounted rotor. When 
energized, the magnetic field causes 


the rotor and shaft to turn. Because 
of its rotary design the solenoid i: 
unaffected by vibration and shock 
and operates in any mounting position. 

Eight basic sizes provide a_ wide 
range of forms offering a variety of 
torque values from fractional  in.-lb 
to 62.5 in.-lb, at maximum stroke on 
continuous-duty models. Intermittent 
duty models for higher torque values 
are available. 

Stock models give 20, 30 and 45-deg 
rotation. Other rotation angles up to 
60 deg can be _ provided. Standard 
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electrical rating is 115 volts, 50-cycle. 
ac. Other voltage and frequency | 
ratings, and d-c types, are available. 
Leetronics, Div. of Lee Spring Cai. 
[nc.. 30 Main St., Brooklyn, N. Y 
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LIQUID-TIGHT CONDUIT 
FITTINGS IN LARGER SIZES 


To terminate the large sizes of liquid- 
tight flexible conduit, liquid-tight con- 
nectors are now available in sizes to 
accommodate conduit diameters of 24. 
3 and 4-in. Because of their integral, 
threadless grounding cone. the fittings | 
accommodate any flexible conduit spiral 





and may be installed without disas- 
sembling. Gland’s nylon sealing ring 
makes installation liquid-tight; fitting’s 
threaded end is long enough for double 
locknuts. Made in straight, 90-deg and 
45-deg elbow designs, the new line is 
designed for installation on EF types 
of liquid-tight raceways. The Thomas 
& Betts Co., 36 Butler St. Elizabeth 1: 
N. J. 


Circle No. 18, Reader Inquiry Service Card 


AIRCRAFT SERVO MOTOR 
WEIGHS 8 OZ 


Miniature d-c servo motor is capable of 
withstanding a high potential of 1500 
volts and of responding to field cur- 
rents of 0.0075 amp. Suited for aircraft 





applications on blowers, actuators and | 
similar devices, the motor operates up | 
to 50,000 ft, within a temperature range | 
from — 65 to 165 F. 

Weighing less than 8 oz, the motor | 
may be wound as a straight shunt ma- 
chine when required. It is reversed by 
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Metallized copper on ceramic 


Division, Bendix Aviation Corp. 







AE BO. 


base resistors permits 
soldering of pigtails. Photo 
courtesy Friez instrument 


6” Of sprayed Jead on 
this cast aluminum x-ray housing 
protects operator from radiation. 
Any thickness can be applied. 
Photo courtesy Metal Spraying 
Corp., Milwaukee, Wis. 


Modern metallizing— sprayed metal—has found many appli- 
cations in the production of electrical and electronic equip- 
ment. Originally metallizing was used to provide a soldering 
base on non-metallic materials in components such as resis- 
tors, capacitors and meter faces. Today, its use has spread to 
applications in shielding, the production of other types of 


electrically reflective surfaces and in the replacement of wired 
circuits. FREE 


describes a wide range of ihese applications. It also 
provides engineering data on bond strength on metal- 
lic and non-metallic materials, conductivity charac- 
teristics, permissible coating thicknesses, circuit tests, 
as well as a description of surface preparation and 
spraying methods. A copy of Bulletin 120 “Sprayed 
Metal Coatings,” will be sent on request without charge. 








i int Lnaineering Co.. Ine 
Westbury, L. I., N. Y. e Great Britain: Chobham near Woking 


1113 Prospect Avenue 
Westbury, Long Island, New York 


Please send me Bulletin 120. 
NAME 


TITLE 
COMPANY 
ADDRESS 


CITY 


ZONE STATE 
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There are more C-D capacitors in use 

















THE 


always 
sets 
the 
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high voltage capacitor using 
a non-inflammable impregnant. 


Running the first 4-minute mile 

or making the first miniaturized 
capacitor are feats that only leaders 
can accomplish. Cornell-Dubilier’s 
miniaturized capacitor is only one 
of hundreds of new capacitor 
developments that we have con- 


tributed in our record-making history. oil impregnated and filled. 


c-D...45 YEARS OF FAMOUS FIRSTS 


Typical of these “famous firsts” are 
the three examples shown here... 
proof that whatever your capacitor 
requirements may be, your needs 
can be filled by C-D. Write to 
Cornell-Dubilier Electric Corp., 
Dept. H-105, South Plainfield, N. J. 


box-type, ceiling-mount- 
ing, power capacitors. 


today than any other make 


ONSISTENTLY EPENDABLE 
CORNELL-DUBILIER CAPACITORS 
PLANTS IN SOUTH PLAINFIELD, N. 3; NEW BEDFORD, WORCESTER AND CAMBRIDGE, 


MASS, PROVIDENCE AND HOPE VALLEY, R 1, INDIANAPOLIS, IND.; SANFORD AND 
FUQUAY SPRINGS, N C.; SUBSIDIARY THE RADIART CORPORATION, CLEVELAND, O 











| 
| 
| 
| 
} 
| 
| 
| 
| 


| 


a small, double-pole, double-throw re. 
lay and operated by separate excitation 
of the armature and differentially 
wound-shunt fields, with the signal dif. 
ferential between the field structures 
utilized as its control. 

Designated 5BBY13DJ7, the motor 
draws a maximum armature current of 
0.8 amp from a 28-volt line. It is rated 
at 0.002 hp at 6500 rpm, and can be 
geared to speeds as low as 130 rpm. 
General Electric Co., 1 River Rd. 
Schenectady 5, N. Y. 
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UNIVERSAL COUNTER-TIMER 


Direct digital read-out with decimal 
point indicated, is provided by Model 
DS-7100 Universal Counter-Timer. It 
offers the following ranges: frequency, 
from 10 to 100,000 cps; time intervals, 


40 microsec to 100,000 sec; and a pe- 
riod range from 1 to 10,000 cycles. 
Time base is controlled by a tem- 
perature-compensated 100-kc crystal 
oscillator circuit having a stability of 1 
part in one million. Accuracy of this 
new instrument is: for time interval 
measurement, + 10 microsec; for pe- 
riod measurement, +10 microsec. 
Weight is 32 lb; dimensions, 15x 7x 13 
in. 
+ 10 per cent, 50-60 cycles, 175 watts. 
The Detectron Corp., 5631 Cahuenga 
Blvd., North Hollywood, Calif. 


Circle No. 20, Reader Inquiry Service Cards 
preceding back cover 


SELENIUM CARTRIDGE 
RECTIFIERS 


Selenium cartridge rectifier, Type 
60-6979, is especially designed for use 
in instruments requiring high transient 
peak currents for capacitor charging. 
Unit is a single-phase full-wave bridge 
selenium rectifier delivering 9.6 ma 
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KEEP PRINTING INKS MOIST, LIFT TRUCKS DRY 
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Here you see Polyken Tape being The lift trucks in the other pic- strength—the right combination of 
~ards used in two different applications — ture—scheduled for overseas ship- backing and adhesive to do the best 
each requiring a dependable, low- ment—have a waterproof seal of — passible job with the least possible 
cost moisture barrier. Polyken Tape for protection against tape. 

The cans of printing ink at the salt water damage. Whether your need involves seal- 
left are sealed to prevent the ink In both cases, the ease of apply- ing; protection in storage and ship- 
from drying out. The tape also pro- _ing Polyken Tape right from the roll ment; wrapping and packaging; or 

Type tects the contents from dust and saves many man-hours. And be- a special requirement—you can 
- wns keeps the tops secure during rough cause Polyken Tape stays put, less depend on Polyken Controlled 
nsient | | andlingandshipping. Thedurable __ is needed for an efficient seal. Strength Tapes. 
reing. | cloth-backing of Polyken permits These cost-cutting advantages | Get complete information by send- 
seldes repeated use of the tape. result from Polyken controlled ing the coupon. 
a seievenesee icvnsuvesdadqueducnouie 
° Polyken, Dept.’ EM-J ° 
* 222 West Adams St., Chicago 6, Illinois x 
D ® : Please send me physical properties and further ; 
* information on Polyken Controlled Strength - 
N O , ipa rn . Tapes. : 
La Ms : Name___ Te tittle ome : 
: Company - . 


INDUSTRIAL TAPES 


Polyken Products Department of The Kendall Company 


Street Address 





City__ 


er 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Cree PILOT LIGHTS | \\| // 


give you 


180° VISIBILITY =2uiuy 
for the most effective indication te rene 
plus : yore 
BUILT-IN RESISTORS 

(a patented Dialco feature) 


for operation on 105-125V. or 210-250V. 


The required RESISTOR is an integral part of 
the unit — BUILT IN (Pat. No. 2,421,321). 


Also, simple external resistors for all higher voltages. 
ey alt ee be Lee 


Every assembly is available complete with lamp. For NEON tore 
SAMPLES ON REQUEST AT ONCE — NO CHARGE 


Choice of fluted or clear 
caps; binding screws or 


EREE Brochure on “Selection and soldering terminals. 
Application of Pilot Lights” Available for both 9/16” 
S — Also write for our latest Catalogues. pis: «stelle papain 
ae clearance holes. 





Foremost Manufacturer of Pilot Lights 


DIALIGHT 


CORPORATION 
60 STEWART AVE., BROOKLYN 37, N. Y. oe HYACINTH 7-7600 







PLANT AT 
BROOKLYN, N.Y. 
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Electronic Supply Guide 
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your buying guide to the world’s largest stocks 
of ELECTRONIC SUPPLIES FOR INDUSTRY 





We specialize in Here’s how to simplify and speed the purchasing of all your 
Electroni electronic supplies and equipment: send your orders to ALLIED 
the reliable one-supply-source for all your electronic needs. 
| Equipment Supply We make fastest shipment from the world’s largest stocks of 
for Research, electron tubes (all types and makes), transistors, test instru- 
Development, ments, audio equipment, electronic parts (transformers, capaci- 
Maintenance tors, controls, etc.), and accessories——everything for industrial 
and Production and communications application. Our expert Industrial supply 
Operations service saves you time, effort and money. Send today for your 
FREE copy of the 1956 ALLIED Catalog—the complete Buying 
COMPLETE EXPERT Guide to the world’s largest stocks of quality Electronic Sup- 
INDUSTRIAL SERVICE plies for Industrial and Broadcast use. 
Ree ALLIED RADIO 
' dependable source 100 N. Western Ave., Dept. 47-K-5 aT 
for Everythin 
“a Slicarantes’ Chicago 80, Illinois — 
FREE 
= — 
210 










| load. 


| 
| 





average current, 190 ma peak pulse 
current at 495 volts d-c capacitive 


Type 60-6979 is 31% in. long with 


| a 3/8 in. OD, and is supplied with 


3-1/2 in. radial pigtail leads. For easy 
mounting, it is equipped with 6-32 
threaded brass inserts at both ends. 
It has a fungus-and moisture-resistant 
protective finish said to satisfy 
MIL-V-173A and JAN-T-15Z. Inter. 
national Rectifier Corp., 1521 East 
Grand Ave., El Segundo, Calif. 

Circle No. 21, Reader Inquiry e 

preceding back cover 


BINARY CODED DECIMAL 
CONVERTER 


Useful in devices where it is desirable 
to display an analog value in terms of 
digits, Binary Coded Decimal Converter 
produces signals for automatic control 
of high precision equipment and other 
applications, including control of punch- 
ing of IBM cards, paper tape or printer. 

The device is a specialized analog. 
to-digital converter that uses a pattern 
design to provide a decimal form read- 
out, but coded in binary notation; i.e. 
the binary bits are grouped, with each 
describing a decimal unit. 

Basic elements of the device is a com- 
mutator-type disk consisting of con- 
centric rings of alternately conductive 





or nonconductive segments correspond- 
ing to the 1-2-4-8 binary code. The 
disk, which is geared to the input 
shaft, contains 200 segments, producing 
coded numbers from 000 to 199. 

The range may be increased by 
gearing one or more commutator disks 
to the first disk at a ratio that causes 
succeeding disks to travel at the rate 


| they would be traveling if the first 
| disk were large enough to carry all 
| the segments on all the disks. 


Special features of the device include 
manufacturer’s double-brush, pick-off 
system used to obtain a nonambiguous 


| readout. Brushes are of multiple-wire 


type, each brush consisting of four 


wires for positive contact. 


The converter will function depend- 


| ably in a shock environment to 20 g. 
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FLAMENOL* WIRES AND CORDS 


MACHINE TOOL WIRE Small diameter, color coded, acid-, 
and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 


APPLIANCE AND FIXTURE WIRE For general internal or 
external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like. 


APPLIANCE WIRE For wiring appliances where high tem- 
perature rating is required. 600 volts, not exceeding 105 C. 


RIP CORD—SPT For table and floor lamps, radios, fans and 
other small devices. Smooth, attractive, long-wearing finish. 


SILICONE RUBBER WIRES 


APPLIANCE AND FIXTURE WIRE For sun lamps, therapeu- 
tic devices, and other high-wattage units. 600 volts, 200 C 
maximum copper temperature. 


APPARATUS LEADS—CLASS H_ For high-temperature appli- 
cation where flexibility is required, such as motor and trans- 
former leads. 600 volts, 200 C. 


SO, $JO, S, SJ, SV Resistant to sunlight, oil, water, acids, 
alkalies and heat. Available for light-, medium-, or heavy-duty 
on household appliances, office machines, portable tools and 
for use in extreme conditions such as garages, packing houses, 
chemical plants, etc. 


SP For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 


PREENEX* HEATER CORD Outwears fabric type cords ten 


times. Water-, oil-, and grease-resistant. 300 volts, for 90 C 
service. 


MOTOR LEADS Geoprene* cable for fractional hp motors, 


coils, ballasts, etc., particularly for use where wire must stand 
elevated temperatures. 


ALKANEX** WIRE Insulated with heat-resistant polyester 
film that permits lighter, more compact motors . . . raises 
motor ratings as much as 25%. Temperatures up to 150 C, 
exceeding Class B. 


FORMEX* WIRE Designed for motors, coils, and other wind- 
ings where space is at a premium and resistance to moisture, 


fumes, and abrasion is required. Class A, temperatures up 
to 105 C. 


DELTABESTON* WIRE For winding motors, lifting magnets, 
brake coils, generators, etc., subject to high ambient tem- 


peratures and intense operating heat. Class B, temperatures 
up to 130 C. 


DELTABESTON* WIRE 


RANGE WIRE An improved appliance lead wire designed 
for increased dielectric strength and moisture resistance. 300 
volts, 125 C. 


APPLIANCE WIRE Available with smokeless or moisture- 
resistant insulation. 


APPLIANCE LEAD WIRE Recommended for use on appli- 
ances such as sterilizers, etc., where both heat and moisture 
are a problem. 


FIXTURE WIRE For all types of interior lighting fixtures and 
other high-wattage units such as sunlamps, etc. 


SWITCHBOARD WIRE Will resist heat, flame, oil, and cor- 
rosive vapors. 











Nonsensitive to magnetism, it will 
| Operate at temperatures from —50 to 
BoC. 

All units have a phenolic base with 
rhodium-plated commutator for corro- 
sion and wear resistance. They are 
commercially available in single, double 
and triple disk models in ranges to 
200; 2000; 3600; 20,000 and 36,000 
units. Librascope, Inc., 808 Western 
Ave., Glendale, Calif. 


Circle No. 22, Reader Inquir rvice Cards 
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STANDARD 2/2 AND 
5 IN. INTEGRATORS 


Originally developed for analog gun- 
fire control computers, 21-in. and 5-in, 





DBR integrators are available commer. 
cially as standard units. The design 
employs two hardened steel balls in a 
carriage between the input disk and 






MODEL MA2850 


MODEL MA65 























MODEL MA640 ; 
output roller to reduce friction. A ball 
roller tilt device minimizes ball slip 
for all carriage positions. 

The integrators are high precision 
units for wide variety of open and 
closed loop applications. Maximum 
force to move carriage is 1% oz. approx. 
and maximum input torque at zero load 
is 14 oz-in. approx. Weight 6.0 lb for 
the 214 in. unit; 10.1 Ib for the 5 
in. unit. Ford Instrument Co.. ‘Div. of 
Sperry Rand Corp.. 31-10 Thomson 
Ave.. Long Island City 1, N. Y. 

Circle No. 23, Reader Ir ervice ( 
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RUGGED + ACCURATE + TUBELESS 


MAGNETIC AMPLIFIER DC SOURCES 


(MA-NOBATRONS*) 


Sorensen MA-NOBATRONS* have been designed for industrial 
applications and unattended installations where the utmost in 
maintenance-free service is required. 


SPECIE FIACATION S 


MODEL MA65 MODEL MA 640 MODEL MA 2850 


INPUT 105-125VAC, 10, 60 cycles 190-230VAC, 30, 
60 cycles 4-wire wye. 














OUTPUT 6VDC, adj. +10% 4.5-7.7VDC, adj. 23-32VDC, adj. 
| HEAT-RESISTANT DECALS 
LOAD RANGE 0-5 amperes 0-40 amperes 0-50 amperes 
: 7 | OFFER WIDE SELECTION OF 
REGULATION +1.0% for any combination of line and load conditions COLORS 
RECOVERY TIME 0.15 secondsunder 0.2 seconds under 0.5 seconds under | Heat- and solvent-resistant decals are 
worst conditions worst conditions worst conditions 


useful on home appliances, high speed 





tools, electronic equipment, transform- 
ers and similar equipment. The three- 
available decal types, offered in virtual- 
ly any color combinations, include Type 
HR (heat resistant, which withstands 
temperatures of approximately 400 F 
and Type SHR (sustained heat re- 
sistant), designed for constant-operat- 
ing equipment at 500 to 600 F; smooth 
rigid surfaces are required. 

Type HHR (high heat resistant) has 
a temperature range (intermittent) up 


SORENSEN to 1000 F. Rigid surfaces are required 


Contact your local Sorensen representative, or write for further information. If you 
have special requirements in magnetic amplifier DC sources, write or call the Appli- 
cations Engineering Department, and your problem will receive prompt attention. 








SORENSEN & COMPANY, INC. * 375 FAIRFIELD AVE., STAMFORD, CONN. 
*Reg. U.S. Pat. Off. 


——————————————— 


CONTROLLED POWER FOR RESEARCH AND INDUSTRY 
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CHRYSLER CORPORATION - 


New STEEL OILITE’S unusual ductility is demonstrated in this photo of a typical torsion test. This 
revolutionary material was developed by Chrysler for applications requiring extreme ruggedness. 


STEEL OILITE is a new and revolution- 
ary Chrysler developed die-pressed powder 
metal with ductility and strength in the 
range of low carbon steel (elongation 
values up to 15%; tensile strength from 
35,000 to 120,000 PSI). 


Makes considerable savings possible for 
countless new applications; one customer 
reported savings of 96%. Eliminates most 
machining operations. 


CHRYSLER AMPLEX PRODUCTS 


OILITE Bearings 


Permanent Metal Filters Friction Units 


Dept. E-10 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Finished Machine Parts 


Only Chrysler makes OILITE 


STEEL OILITE may be hardened, ma- 
chined and staked using conventional 
methods. Developed by Chrysler-Amplex 
engineers, STEEL OILITE has been pro- 
duction and field tested for over 18 months. 


The engineering facilities of Amplex and 
Chrysler are unmatched in the powder 
metal industry. They are ready to help you. 
Call or write today for STEEL OILITE 
information. Ask for Bulletin STM-54. 


Write today for new 
STEEL OILITE Bul- 
letin STM-54. It’s 
yours for the asking. 





AMPLEX DIVISION 
Detroit 31, Michigan 





NEW Ductile STEEL OILITE, Opens Up New Uses for Powder Metals 
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uss VICTOREEN 
HI-MEG RESISTORS 


WHERE ACCURACY AND STABILITY 
ARE ESSENTIAL 












YQ 


Unit illustrated actual size. 
Capacity 18,600 Megohms. 


Victoreen Hi-Meg resistors are 
not intended to replace conven- 
tional type resistors used in ordi- 
nary applications. But, if your 
resistor application, requires accu- 

racy and stability beyond the resis- 

tance limits of other type resistors 

then test Victoreen Hi-Meg resistors. 
Carbon coated glass base with silver 
banded contact ends, vacuum sealed in 
a glass envelope, which is specially 
treated with silicone varnish to assure 
a moisture-proof, impervious seal. 
Power rating for any Hi-Meg resistor 
is equal to one divided by the resistance 
in Megohms. Voltage limit 1000 volts. 


Write for bulletin 3025. 


AVERAGE VOLTAGE COEFFICIENT OF HI-MEG 

RESISTORS VERSUS RESISTANCE | 
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VOLTAGE COEFFICIENT 


3 (Besistance AT 100 yours | | 
RESISTANCE AT 1 VOLT 100/- 
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The Victoreen Instrument Co. 


3815 PERKINS AVE. ® CLEVELAND 14, OHIO 
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and there are some color limitations. 
The Meyercord Co., 5323 West Lake 
St., Chicago 44, II. 


Circle No. 24, Reader Inquiry Service Cards 
preceding back cover 


AIR CONDITIONER HEATING 
ELEMENT 


Specially designed for window-type air 
conditioners, Chill Chaser heating unit 
features open coil helix element con- 
is engineered to 


struction and give 





quick pickup of heat when needed and 
fast cooling when shut off. It employs 
manufacturer's “V-Saddle Loop” con- 
struction and is equipped with Thermo 
protector. Model shown is typical of 
available designs. The H. W. Tuttle 
& Co., Adrian, Mich. 


Circle No. 25, Reader Inquiry Service Cards 
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TWO-PIN MINIATURE 
INDICATOR LAMPS FOR 
APPLIANCES 


Two 2-pin miniature lamps, one for 
radio panel lighting and “hot” appli- 
ances, and the other for coin machines 
and similar devices are rated at 6.3 
volts and 0.15 amp (G. E. No. 12), and 
7 volts and 0.4 amp (15), respectively. 

Like the previously introduced model 
in this series, each of the new 2-pin 
types consists of a small glass “bubble” 





sealed around a coiled filament, with 
two rigid pins protruding at the base. 

Advantage claimed for the miniature 
line are: physically stronger lamps; 
improved positioning of filament; re- 
duced space requirements for lamps and 
their “pin-hole” sockets; and_satis- 
factory performance under relatively 
high operating temperatures. 

The No. 12 2-pin lamp is especially 
designed for use on such appliances as 
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Heavy, felted asbestos walls are applied over and under the varnished cambric 
tapes ... then thoroughly impregnated . . . then the impregnated asbestos is com- 
pressed to a dense, homogeneous wall that ensures long cabie life. 


These Flexible Felted Asbestos Walls in Rockbestos A.V.C.° 
Motor Lead and Apparatus Cables... 


keep your equipment operating dependably 











The dense, felted asbestos walls, thoroughly-impregnated with selected com- 
pounds, are the reason why Rockbestos A.V.C. Motor Lead and Apparatus 
Cables give such outstanding service in all types of equipment .. . will add 
dependability and longer life to your products. 





U 
SE ROCKBESTo. - 
. Motor lead; R: 


e Tra 
‘ . . nsfo 
These homogeneous “seamless flexible asbestos walls” seal the varnished mers 


cambric from air and moisture . . . provide long-lasting protection against * Resistor, 
conductor-heating overloads and high ambient temperatures. They add * Hoists 
strength against damage from flexing. And because these cables won't dry . 

out with heat or age, won't rot or bloom from contact with oil or grease, and Cranes 


won't burn or carry flame, they give you wire “performance protection” — 


that will help your equipment give the type of dependable operation for 


"action Gnd Mil; Mot 
Ors 
which it was designed. 


Wirin 

9 to 
Otors and leads to Stok 
To find out more about Rockbestos trouble-free Motor Lead and Apparatus er 


o 
Cables, write or call the Branch Office nearest you. Interna| Leads in g 
Cctr 


Numerous th ic Drills 
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ROCKBESTOS pPropuctTs CORP. 


NEW HAVEN 4, CONNECTICUT 


NEW YORK « CLEVELAND ¢ DETROIT «© CHICAGO « PITTSBURGH ¢ ST.LOUIS ¢ LOS ANGELES * NEW ORLEANS ¢ OAKLAND, CALIFORNIA 
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WHIT N : Y B eee: waflle irons, electric casseroles, broilers, 


fryers, flat irons and toasters, as well 
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machines. General Electric Co., Nela 
Park, Cleveland 12, Ohio. 


FOR POWER SUPPLY, COMMUNICATIONS AND ELECTRONIC APPLICATIONS ee eee 
ADVANCED DESIGN, HIGHEST QUALITY 


MICROPHONE CABLE HERMETIC SEALED 
aenialiad THERMAL SWITCH 


Hermetically sealed thermal switch uses 
a bimetal element and stainless steel 
case. It is designed for easy mounting 
Super flexible with semi-conducting * on flat surfaces, such as_ aircraft 
textile shield and long-wearing neoprene ia 

jacket. Cadmium copper conductors for long 

flex life, insulated with high dielectric strength rubber. Noisy circuits are 
eliminated. Other types also available. 


SPEECH INPUT AND SOUND SYSTEM CABLES 





Semi-rigid polyvinyl chloride Types. Solid or stranded conductors with ; 
bare or tinned copper shield. And, with cotton braid or Plastite® jacket. heaters, or wherever skin temperature 
Also, Enamel Textile Types. control is desired. Dimensions: 1 in. x 


1 in. x 4 in. thick. 


SIGNAL WIRES Electrical rating, 115 volts a-c, 2 amp, 





resistive. Environmental temperature 
range: —65 to 800 F. Calibration 
range, from — 20 to 600 F, factory-set 
Bare soft copper conductors insulated with high dielectric strength poly- and sealed. Control Products. Inc.. 
vinyl chloride insulation. Underwriters’ Laboratories approved for fire Sussex St.. Harrison. N. J 
os as * . 4 * * a . . * Fe 
ond burglar alarm system internal wiring. a 
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MINIATURE SELF-LOCKING 
NUTS 


Miniature self-locking fastene 
Semi-rigid polyviny! chloride insulation, brown or ivory polyviny! chloride Miniatur ; elf-locking asteners for 
jacket. Light weight, easy to install, unaffected by humidity. precision instrument and_ electronic 

fastening applications, the Flexloc 


PORTABLE CORDS micro nuts, range in size from 0-80 to 





TELECABLE® Multiconductor Paired Inside Wiring Cable 





Underwriters’ Laboratories approved — for power supply on electrical 
equipment. Neoprene jacketed DYNAPRENE® and rubber jacketed types. 


CORD SETS AND CABLE ASSEMBLIES 


Custom-built to customer’s requirements. Using either standard cordage 
or cord designed to fit your particular application, Whitney Blake can 
furnish regular line cords or special purpose cords having attached or 
integrally molded rubber or Plastite fittings. 





4-48. The 0-80 micro nut, smallest in 
the line, measures less than ¥%@ in. 
across its largest dimension. 





The Flexloc is a one-piece, all-metal 





fastener that functions as a stop nut 
© 1955 as well as a locknut. Its slotted, locking 


<=> WHITNEY BLAKE COMPANY si, ins zen ae mre 







slightly during manufacture, is expand- 
ed as the nut is tightened down on a 
threaded member. Spring-like pressure + 
of the resilient, collar segments holds 
the fastener in place—whether seated 


New Haven 14, Connecticut 
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CONTROL COMPONENTS 













INDIVIDUAL MOTOR CONTROL CONTROL 
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Westinghouse 





stocked coast to coast! 


265 warehouses in over 175 cities across the nation 
are stocked with Westinghouse Life-Linestarters — 
sizes O through 4. 


... and that fact means immediate delivery to you of the 
most modern starter in its field with exclusive features like 
(1) inverted clapper-type armature that eliminates sticking 
and jamming (2) bimetallic overload relay that retains its 
calibration indefinitely. And common modifications can be 
shipped within 2 weeks. 


Call your Westinghouse sales engineer today for more 
such practical solutions to your everyday problems on motor 
control. He’s backed by the most complete line in the indus- 
try—and the most extensive network of service. J-21919 


*Trademark 


you can BE SURE... 175 


Westinghouse 








ELECTRONIC 
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Fluoroflex-C electrical sleeving... 


tough insulation 
for ‘rough’ temperatures 





RESISTOFLEX 
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Fluoroflex-C sleeving — extruded from trifluorochloroethylene 
resin — offers extremely high dielectric strength even at extreme 
temperatures. It has remarkable resistance to abrasion, is fungus- 
and moisture-proof and immune to attack from corrosives, oils, 
exposure and other destructive elements. 

Resistoflex’s quality-controlled production provides uniform 
toughness through all sizes, which range from sleeving for No. 24 
wire AWG to 1%” LD. flexible tubing. It assures dependable 
insulation with optimum protection against damage from chafing 
and rubbing. 

To safeguard performance, use Fluoroflex-C sleeving for pro- 
tecting aircraft wiring; for miniaturized electronic equipment 
with tight space factors; for applications where heat build-up 
ages other flexible dielectrics. Send for data sheet. 


Tefion® with certified electrical quality! 


“Electrical grade” FLUOROFLEX-T 
certifies conformance of major prop- 
erties to specifications. Non porous, 
it affords highest dielectric for opti- 
mum performance. Available in 
stress relieved rod, sheet, tube and 
machined parts. 


®Fluoroflex is a Resistofler registered trade mark for products from fluorocarbon 
resins. Teflon is the DuPont registered trade mark for its tetrafluoroethylene resin. 


CORPORATION Belleville 9, New Jersey 


Warehousing Distributors: Prehler Electrical insulation Co., Chicago, lL 
Western Fibrous Glass Products Co., Los Angeles, Cal. 














or not—even under severe vibration, 
The fastener locks anywhere on a 
threaded member as soon as its lock- 
ing threads are fully engaged. 

Micro nuts are presently available in 
brass, either plain or cadmium-plated, 
or aluminum. Size range includes 0-80, 
1-64, 1-72, 2-56, 2-64, 3-48, 3-56, 4-40 
and 4-48. Standard Pressed Steel Co.., 
Jenkintown, Pa. 
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NYLON CABLE CLAMP 


One-piece nylon clamp for holding 
wires, cable, and tubes possesses the 
inherent properties of nylon and is 
non-chafing, noncorrosive, and _ self-in- 





sulating. Lighter than aluminum, its 
curved-base design and snap-in feature 
provide tight, rattle-free security. 
Shakeproof, Div. of Illinois Tool 
Works, 2501 N. Keeler Ave., Chicago 
39, Ill. 
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SUBMINIATURE MOTOR- 
GENERATOR 


Subminiature motor-generator, Type 
MG3013, measures only 1 in. OD x 
2.625 in. and weighs 6.2 0z. Output is 
1.25 volts per 100 rpm when operated 
into a load of 100,000 ohms. Speed is 
continuously variable from 200 to 





8700 rpm. Output remains completely) 
linear over the entire speed range 
Harmonic distortion is under 5 per 
cent. Magnetic detent stops the out- 
put shaft in any of 4 positions within 
5-deg accuracy. 

Motor is a 115 volt, 400-cycle 2 
phase drive motor with a stall torque of 
0.15 oz-in. 
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P-K “proving ground” for 


ASSEMBLY STRENGTH 
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STAY TIGHT UNDER TOUGHEST CONDITIONS 
In the warp knitting machine, above, P-K Socket Screws stay 
tight under constant vibration. Some of many different P-K 
Socket Screws used are shown — P-K Cap Screws in shaft bear- 
ing pads and needle bar clamps, and P-K Set Screw in collar 
on needle bar rocker shaft. 
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The “proving ground” for the holding 
power of P-K Socket Screws is 
industry-wide. Millions of assemblies 
made by thousands of satisfied 
customers are your assurance that 
screws made to P-K quality standards 
meet every test. 

In many of these assemblies, P-K 
Socket Screws are subjected to extreme 
conditions of shock and vibration... 
such as ordnance and other products 
made to exacting demands of the 
Armed Forces. 

Get samples, information from your 
P-K Distributor, or write: 

Parker Kalon Division, General 
American Transportation Corporation, 
200 Varick St., New York 14. 
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covers the field 
in commutators 


MINIATURE MOTORS 
Lge] 
MARINE EQUIPMENT 


Yes, we make commutators for 
every type and size motor on the 
merket teday—from toy boats to 
giant battleships. 


Before designing a new motor, 
check with us first. 


Perhaps one of our 1000 stand- 
ard designs ranging from 9/32” 
to 50 diameter will meet your 
requirements andsave youmoney. 


Send us your prints for estimates. 


WRITE FOR CATALOG NO. 3 


COMMUTATOR CO. 


Over 10,000,000 now in use. 


4855 West 130th Street 
Cleveland 11, Ohio 








Unit has a stainless steel housing 
with stainless steel ball bearings and 
shaft and Class H insulation for high 
humidity and high temperature ap- 
plications. The generator portion may 
be calibrated for other voltage speed 
characteristics and the motor portion 


built for 


other voltages. John Oster 


Manufacturing Co., Avionic Div., 1 
Main St., Racine, Wis. 
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ACID-PROOF SNAP-ACTION 
SWITCH 


Basic snap-action switch of acid-proof 
design is available in normally open, 
normally closed or 3-wire types. Casing 
is made of Kel-F. The snap-action 
mechanism is built around a special 
type of beryllium copper spring. 
Switches are made in accordance 
with U. S. Army Specifications 
60-977-2 Class B covering waterproof 





resistance. 


and _ corrosion Electrical 
capacity is 20 amp resistive, 28 volts 
d-c, 10 amp resistive, 110 volts a-c. 

The miniature switches are ruggedly 
constructed and recommended for use 
wherever acids, water, oil, grease, 
dust, grit, dirt or other harmful factors 
are present. Lead lengths are supplied 
to specifications and actuators can be 
furnished to individual requirements. 
Control Products, Inc., 306 
St., Harrison, N. J. 
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PLUG-IN RC AND 
L NETWORKS 


Complete RC and L networks in a 
plug-in unit are hermetically sealed, 
built to customer-specification, and 
matched to as close as 0.01 per cent. 

Where needed, a _ built-in heater 
element and thermostat to control the 
operating temperature of the network 





YOU CAN’T BEAT 
GARRETT SERVICE 


I'm not a wise guy, but I do know 
about the service these Garrett plants 
give you. Seems hard to believe. 
Those fellows bend over backwards 
to help you out in an emergency. 
And their regular service means you 
always get deliveries when promised 

. sometimes before. 

Of course, when it comes to quality 
they are tops on lock washers, flat 
washers, spring washers, hose clamps, 
stampings and assemblies. They 
have three plants equipped with the 
most modern high-speed automatic 
machinery to turn out billions of parts 
to exact specification . . . complete 
heat treating, plating and finishing 
facilities. If you don't believe me, 
next time send your order into 
Garrett. You'll see why their custom- 
ers say YOU CAN’T BEAT GARRETT. 


LOCK WASHERS 

FLAT WASHERS 

HOSE CLAMPS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. | 
Philadelphia 34, Pa. 


OF PHILADELPHIA 
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Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
reducing mill, beta-ray controlled. 


While for BULLETIN TC-108 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applicatrons and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT. EM-510 
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specify BOBBIN CORES by ARNOLD 


These cores, fabricated by winding ultra-thin tape of high-permeability 
magnetic materials on ceramic bobbin cores, possess ideal qualities for 
use in electronic computer assemblies as memory cells. 

Specifically, their desirable properties include quite rectangular hysteresis 
loops, relatively low coercive values and high saturation densities; plus 
temperature stability and the ability to shift in a few microseconds from 
negative remanence to positive saturation, and vice versa, under conditions 
of pulse excitation. 

Arnold Bobbin Cores are available in a wide range of sizes, tape thick- 
nesses, widths and number of wraps to suit the ultimate use of the core. 
Magnetic materials usually employed are Deltamax, Square Permalloy 
and Supermalloy, in standard thicknesses of .001’’, .0005’’, .00025”’ 
and .000125’’. Special advantages derive from Arnold’s position as a 
fully-integrated producer of wound cores, able to maintain precise control 
over every production operation... melting, rolling, winding, testing, etc. 
© Let us supply your requirements for bobbin cores or any other magnetic materials. 
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First used and overwhelmingly ap- 
proved in the telephone industry, 
the KELLOGG Crossbar is one of 
the most versatile switch devices 
yet developed for industrial use. 
Simple in its operation — dur- 
able and dependable — it solves 
hundreds of multiple or complex 
switching problems at small cost. 


It does away with the limitations 
inherent in relay trees. It provides 
connections as low as 25 to 30 
milli-seconds for one or many 
input circuits to one or many out- 
put circuits. With Crossbar several 
switching operations may be done 


xeuooe CROSSBAR > 


OF 
COMPLEX 


— 


at the same time—any circuit may 
be held while other circuits are 
switched. Because-Crossbar switch 
points move only a few thousandths 
of an inch, wear and maintenance 
are practically eliminated. Con- 
tacts are of paladium metal; gold 
can be provided. 


The entire switch may be drawer 
mounted for easy inspection with- 
out disrupting service. The only 
wiring normally needed is to con- 
nect the input and output circuits. 
Shown below are the various types 
of electrical connections possible 
with KELLOGG Crossbar. 


Drawing No. 1 illustrates the basic Cross- 
bar principle which permits any of sev- 
eral incoming circuits to be connected to 
any of several output circuits. This type 
of switch can connect any of 60 circuits, 
3 at a time, to any of 75. 








KELLOGG SWITCHBOARD AND SUPPLY COMPANY 


Drawing No. 2 shows a means of switch- 
ing one incoming circuit to many pos- 
sible outgoing circuits—accomplished by 
removing every other vertical. Thus, in- 
stead of having one cable terminal at 
one end of the switch, each remaining 
vertical has its own cable connection. 
This type of switch can easily be adapted 
to switch one circuit to any of 936, 


Write For This 
Free, Fact-Filled 
Booklet Today 


A Division of International Telephone and Telegraph Corporation 
SALES OFFICES: 79 West Monroe Street, Chicago 3, Illinois Dept. 70-J 
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is provided. Illustrated plug-in con- 
tains precision wirewound resistors and 
polystyrene capacitors aged and match. 
ed to within 7 parts per million of 
each other. Built-in oven maintains a 
temperature of 75C + IC. 

Units from 1 in. x 1 in. with an 
octal base to 12 in. x 18 in. with 48 
standoffs and mounting studs are being 
manufactured in a choice of colors to 
help identify different circuits pack- 
aged in similar sizes. Eastern Precision 
Resistor Corp., 130-11 90th 
Richmond Hill 18, N. Y. 
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SILICONE RUBBER SEAL FOR 
PANEL-MOUNTED 
TOGGLE SWITCHES 


Precision-molded seal, comprising an 
elastic member cemented to a threaded 
metal insert, is said to exceed re- 
quirement of MIL-B-5423 for sealing 
out water, dust, moisture, explosive or 
combustible liquids, vapors and gasses. 
and in resisting ozone attack. The seal 
also acts as a locknut in securing the 
toggle switch to the panel. 
Designated Model 3268, the 
elastic member is of 


seal 
silicone base 
rubber configurated ta grip the toggle 
lever firmly yet allow it full movement. 
Lateral ridges in internal wall secrete 





a_ silicone 


(inserted 
installation) and provide a continuous 


grease prior to 


source of normal 


lubrication during 
operation of the switch lever. 

The metal insert is of 303 stainless 
steel, sized and shaped to provide 
thorough bonding to the rubber and 
affords complete sealing to the panel 
without an additional O-ring. Hexa- 
gonal shape permits tightening with 
a standard wrench. Standard thread 
sizes. 

The rubber membrane 
has the following characteristics: 


silicone-base 


Temperature range, C —60-200 
Elongation factor, per cent 300 
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25% Saving in iron ! fe 
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15% saving in copper! 
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Curing time cut in half!” 





with 
G-E PERMAFIL 73515 


insulating varnish 


That’s what one of our customers reports after re- | Where can YOU use Permafil 73515 profitably? 
placing conventional insulating varnish with General Permafil 73515, when properly used, is ideal 
Electric’s new Permafil 73515 coil impregnant in for impregnating coils in vibrating power tools, 


transformers! FHP stators, and high-voltage transformers and 
' By taking advantage of the superior heat dissipa- |= magnet coils. It yields void-free insulation that 

tion of 73515 (it lowered operating temperature eliminates corona, increases heat dissipation, and 

25 degrees C), this customer was able to redesign _ provides relatively constant power factor over a 
| his transformer line to realize substantial cost sav- 


wide range of voltages and temperatures. Through 
ings in materials. And because 73515 cures twice as 





it, you can increase the rating of equipment or 
fast, his manufacturing time was cut and his oven maintain its rating while drastically reducing size 
capacity, in effect, doubled. and weight. 
| 5 3 ( * &3 [eS ie & ae es se me ee 
SEND COUPON FOR TECHNICAL REPORT! 
; General Electric Company 
] Chemical Materials Department 
| | Section 512-2A, 77 River Road 
t : Schenectady 5, N. Y. 
: } Please send me a technical report and product data 
sg Progress /s Our Most Important Product sheet on G-E 73515 Permafil. 
r | a 
| | GENERAL @ ELECTRIC | “— ae 
h 
d Bg Firm ———________________________ 
E eG te 
ie 
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New 


HIGH INSERTION LOSS 
NOISE FILTERS 


Now Sprague brings you a complete series 
of miniaturized, bulkhead-mounting inter- 
ference filters for aircraft and mobile elec- 
trical and electronic equipment in ratings 
from 0.1 ampere to 20 amperes for both 
125 volt dc and 125 volt ac, 400-cycle serv- 
ice. These filters meet all pertinent MIL 
and AN requirements for operation at tem- 
peratures from —55°C to +85°C. All 
designs are hermetically sealed with glass- 
or ceramic-to-metal solder seal terminals. 

These filters are available to meet your 
production schedules from the West and 
East coast plants of a reliable, old-line 
manufacturer. For Engineering Data Sheets 
on the units in which you are interested, 
write today to the Technical Literature 
Section, Sprague Electric Company, 
12870 Panama St., P. O. Box 66507, Los 
Angeles 66, California, or 307 Marshall 
St., North Adams, Massachusetts. 
























VOLTAGE 
FREQUENCY 


SIZE 
(DIA.” X 
LENGTH”) 


INSERTION LOSS (DB) AT 
GIVEN FREQUENCIES (MC) 
(50 OHM SYSTEM) 


5 1 10 100 «=6400* 
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WORLD’S LARGEST CAPACITOR MANUFACTURER 
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Tensile strength, psi 750 

Durometer 45-60 

Tear strength, lb 90 

The silicone rubber meets the re- 
quirements of Specification MIL-E- 
9272 in its fungus resistance and is 
available in five colors (tan, red, gray, | 
white and black). Panseal Inc., 10 
Main St., Little Ferry, N. J. 

Circle No. 
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TWO-POLE MAGNETIC 
MOTOR CONTROLLER 


Small size, low coil power, and screw 
terminal connections are the advantages 
of a 2-pole, single-throw relay for motor 
starting and industrial control of re- 
frigeration and heating equipment. 
UL-approved, Type 9194 relay is de- 
signed for normally open operation. 
Motor load ratings are for 1% hp at 


and 3 hp at 230 volts a-c. 
Maximum contact load ratings are for 
20 amp at either 115 or 230 volts a-c, 
single phase, and 114 amp with locked 
rotor at 230 volts a-c. 

Companion models are available, with 
equivalent UL approval, in both single 
and 3-pole design. Leach Corp., Leach 
Relay Div., 5915 Avalon Blvd., Los 
Angeles 3, Calif. 
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HIGH-TEMPERATURE, : 
HIGH-POWER TRIMMING 
POTENTIOMETER 

Subminiature trimming potentiometer 
Model 160 TRIMpot has an operating 
temperature range from —65 to 350 F. 
Power rating is 0.6 watt at 100 and 
0.4 watt at 200 F. Resolution as low | 
as 0.25 per cent is obtained over the 
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costly 7? nos 
i @ Resourcefulness, plus complete machining facilities, enabled Stewart to produce 
ite this unusual die casting in volume—economically! 
a 
with 
ingle 
each | This one kept us awake nights. The job called for an internally 
Los . an sa 
| cast jar thread and a great deal of precision machining. To speed 
“7 production and cut costs, we devised a setup that performed 24 
separate machining operations at one time. Whatever type of die 
castings you need — small or large, simple or intricate — count 
on Stewart to meet your most rigid specifications . . . on time. 
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50 F. SERVICES AVAILABLE... 
- and Designing * Engineering * Die Making 
r the 


low | Metallurgical Control « Most Modern Die Casting Equipment * Complete 
| Machining, Polishing and Assembly Facilities. 


45 years of helping industry to “Make It Better” 
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CHICAGO, ILLINOIS, 4535 FULLERTON AVENUE © BRIDGEPORT, CONNECTICUT, 275 WARREN STREET 
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IMPORTANT 
REASONS 
WHY YOU 


SHOULD 
SPECIFY 
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RESINITE AC combines all the mechanical and dielectric advantages of 
phenolics with the high dielectric strength, moisture resistant and non- 
corrosive properties of cellulose acetate. 


" 


RESINITE 104 is a tough material suitable for stapling, severe forming 
and fabricating. 


3. RESINITE 8104 minimizes the effects of electrical property degradation 
characteristic of laminated phenolics when subjected to high humidity 
and temperature. 


4. RESINITE TruTork provides an internally threaded or embossed form to 
fit any threaded core, regardless of diameter or threads per inch. 


5. RESINITE gives torque control of plus or minus 1 inch ounce—axial 
pressure in excess of 25 pounds. 


Ask us how you can save money by replacing expensive plastics with low- 
cost Resinite tubes for many applications involving high chemical or 
moisture conditions. 


Get full information on Resinite Coil Forms. Request detailed technical literature. 


RESINITE <ccronarton 


Sales Representatives in: 











New England: Framingham, Massachusetts, Trinity 3-7091 


Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 


Upstate New York: Syracuse, New York, Syracuse 4-2141 

Northern Ohio, Western Pennsylvania: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 
Canada: Montreal, Quebec, Canada, Walnut 0337 
Division of 


eS ee ee ee 


2035B W. CHARLESTON ST. + CHICAGO 47, ILLINOIS 


25-turn adjustment range. Resistance 
elements, precision wound with Evan- 
ohm wire, provide excellent tempera- 
ture coefficient characteristics in stand- 
ard resistances from 10 to 10,000 ohms, 
Size: 44 in. x %e in. x 14 in. 
Electrical settings are maintained 
during severe shock, vibration and ac- 
celeration. Self-locking shaft design 
eliminates locknuts. Lead wires are 
Teflon-insulated. The splashproof, dust- 
proof and corrosion-resistant units are 
said to meet Government humidity 
specifications when potted. Potentiom- 
eters can be mounted individually or 
in stacked assemblies with two No, 
2-56 screws through body eyelets. Side- 
and end-type mounting brackets for 
single or multiple mounting assemblies 
are available. Bourns Laboratories, 
6135 Magnolia Ave., Riverside, Calif. 


circle No. 35, Reader Inquiry Service Cards 
k ver 


preceding ba 


SINGLE-END MAGNETIC 
CLUTCH 


High-speed, precision electromechani- 
cal component for control, computer 
and servo systems, designated Model 
T502, can be mounted on a single 





hanger. Concentric input and output 
shafts on the mounting end of the unit 
permit all gearing to be located at this 
end. Mounting is indentical to MK 8 
Modo servo motor. Sterling Precision 
Instrument Corp., Instrument Div., 34- 
17 Lawrence St., Flushing 54, N. ¥ 

le No. 36, Reader Inquiry Service Care 
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COLORED NYLON-INSULATED 
CONNECTORS 


Available in eleven colors for coding 
applications, three new miniature nylon 
insulated connectors possess durability 
and high-voltage insulation properties. 
The nylon insulating handles are un- 
affected by most chemicals and possess 
the other inherent properties of nylon. 

The tip and banana plugs are de- 
signed for solderless connection of up 
to 16 gage stranded wire. Featuring 
two-piece construction, the inside of 
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a aan VESTA VERDU GEESE 1 TENTH ELECTRON TUBES 
1d- a8! a eee 
ee ananat MAGUAHSAH BBOUERRUDEYOH( 00H 1 Bm TauEct. | SEMICONDUCTOR DEVICES 
—_wz7™ 
ed i jim oes HH i: = 2 
i 5 ae os 
en eee 
ire ws « 
<t. ana (GREE ircincer-Suenaeefereery Meat Ae a 
re mRNA EEL BESe BOSBOGUESIIUAIIII a 
ae ccs em MBEEE Scene _ ELECTRONIC COMPONENTS 
m- Hee BHR HHIIH MOM RAR ERRGECEAICINTIIt BEaas 
SERRE Es Gas) i sede 
or 
No. 
de- 
ri ee TWO NEW RCA PUBLICATIONS 
lies Wie sal ial 
ies, 
lif. 
ani- 
uter — a i #PG101B...““RCA POWER & GAS TUBES” 
del os 6 ...24 pages of technical data on 178 RCA 
igle i sl — vacuum power tubes including forced-air- 
a cooled and water-cooled types, rectifier types, 
5 thyratrons, ignitrons, magnetrons, and vacu- 
i: um-gauge types. 
; #RIT-104 ...“RCA RECEIVING-TYPE TUBES 
FOR INDUSTRY AND. COMMUNICATIONS” 
.. 20 pages of technical data on 130 RCA 
small industrial tubes including “Special 
Reds”, “Premium” types, “Pencil” and other 
types for special UHF applications, glow-dis- 
charge types, thyratrons, computer types, 
low-microphonic types, and many other types. 
Call Your RCA Representative: 
itput East: HUmboldt 5-3900 
unit — — 744 Broad Street 
this — lei ° Newark 1, N. J. 
IK 8 % _ : 
es Midwest: Whitehall 4-2900 
on Suite 1181, 
. 34 ] Merchandise Mart Plaza, 
Zz , ab . ‘ : Chicago 54, lll. 
_ Yl ae MAdison 9-3671 
420 S. San Pedro Street 
ee witall Los Angeles 13, Calif. 
TED ey Ss ee” Sr tee Aer FOR TECHNICAL INFORMATION 
Air navigation, today, conquers stormy weather zones by means of Write: RCA, Commercial Engineering, Sec- 
oding “weather radar” which guides aircraft to the paths of least turbulence. San S2OR,: SOE eee 
nvlon The RCA-6521 M t th neantnt th dar” . Circle items in which you are interested. 
ake ment—was designed specifically for this service. Of the internal-reso- Booklet #RIT-104 Booklet #PG101B 
. nant-circuit type with an integral magnet, the RCA-6521 is designed cai 
pssess and conservatively rated for long, reliable performance as a pulsed iiied 
nylon. oscillator at a fixed frequency of 5400 Mc. It is capable of giving a peak 
e de- Company 
power output of 100 Kw. 
of up Address 
turing 
de of 
PURING 
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MAGNETIC CLUTCHES 


For equipment ranging from business machines 
to ball mills — and larger. 

Stearns builds clutches and clutch-brakes to 
fit your machine exactly—either custom-made or 
selected from a wide range of standard models. 

Stearns clutches help increase machine effi- 
ciency, and reduce production costs. Here are 
some reasons why: 

Wide torque range: from .1 to 45,000 lb ft. 


Lightweight, compact space savers. Stearns patented multi- 
ple friction disc clutches offer extremely low inertia to driven 
end. This is especially important when minimum slippage is 
desired during clutch engagement. 
Simple maintenance. Few wearing parts — no toggles, pins, 
yokes, shifters to wear and get out of order. Lining wear in- 
creases torque, making frequent adjustments unnecessary. 
Easy adjustment. No set screws, cams, wedges, spacers or lock 
nuts. Simply depress adjustment lock pin, rotate armature to 
next notch. 
Precision automatic control through push buttons, electric-eye 
systems, remote switches or manual controls. Widely adaptable 
— DC or AC with rectifier. 
Varied designs. Through shaft, split shaft, duplex for two speed 
drives, forward and reverse drives — other special applications. 
For full details consult your 1955 Sweet’s Product Design File 


or write for Bulletin 226-D. 1144 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS Fin MAGNETS 


STEARNS MAGNETIC, INC., 642 S. 28th Street, Milwaukee 46, Wis. 





the insulating handle has a chamfered 
surface which squeezes the wire against 
the metal shoulder of the plug. 
achieving a positive electrical con 
nection that cannot pull loose. The 
tip plug has a standard 0.081 in. 
diam pin to fit all standard tip jacks 
while the banana spring tip has an 
0.175 in. diam to accommodate 
nominal 0.166-in. ID jacks. 

The nylon tip jack and _ insulating 
sleeve assembly is equipped with an in. 
side threaded nylon insulating sleeve. 
Designed for patch cord use the unit will] 
also serve as a panel mounted jack 
where the rear connection must be 
insulated. E. F. Johnson Co., Waseca 
Minn. 


> No. 37, Reader Inquiry 
receding back cover 


PHOTOELECTRIC CONTROL 


Photoelectric ¢ontrol, Model FIA, is 
designed for protective and_ repeti- 
tive applications where the phototube 
normally sees light. The plate relay 
energizes when the light beam is on 
the phototube and all tubes are oper- 
ating. The relay de-energizes when 
the light beam is interrupted, or when- 
ever a tube filament fails or any tube 


loses emission, thus affording “fail 
safe” operation for safety and other 
controls. 

The FIA requires 5-ft-c min light, 
0.125 min phototube light time and 
0.025 min phototube dark _ time. 
Sensitivity adjustment is enclosed to 
prevent tampering and equipped with 
shaftlock to hold setting. Plate relay 
contacts are DPDT, rated at 8 amp. 
115 volts a-c, noninductive load. 

Constructional features include 
gasket-sealed cast aluminum housing 
and complete accessibility for  in- 
spection and tube replacement without 
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LAPPING a = a Parts for this piston 


and sleeve assembly 





were mated and lapped 


to a precision fit. Clearance 








tolerances were maintained 











on the assembly to less than 
.00006”. Inside diameter, 


concentricity and grooves were 




















also held to very close tolerances. 












ACME CAN PRODUCE PRECISION PARTS 
OR ASSEMBLIES TO YOUR ORDER 


Acme will produce, to your specifications, finished 

hardened and ground parts from ferrous or other materials, 
complete from raw stock or from your semi-finished parts, 

in quantities from one to a million pieces. 



































Parts can be produced as individual pieces or as assemblies, with 
or without pistons. Tolerances to within .00001” or less, and 
corresponding micro-inch finishes can be maintained. 




















Acme’s modern plant contains over 250 

metal-working machines and 150 pieces of laboratory testing 

‘ and inspecting equipment. Services include complete machining, heat 
treating, grinding, lapping and honing operations. 



















For over 35 years Acme has been producing hardened and 
ground parts for thousands of satisfied customers. 


Send your prints and specifications to the factory 
for quotation, or request a representative to call on you. 


Write for literature or additional information. 


See our file in Sweet's. 


a ACME INDUSTRIAL COMPANY 


204 N. LAFLIN STREET, CHICAGO 7, ILLINOIS 

Manufacturers of standard dowel pins * Chamfer micrometer gages * Drill jig 

ACME bushings + Portable bench centers * Roughness comparison specimens * Hardened 
and ground parts manufactured to order 





disturbing alignment. Autotron Co., 
Box 722. Danville. IL. 
No. 38 


COMPACT HIGH-TORQUE 
MAGNETIC BRAKE 


Magnetic brakes. Stvle H. Series 1000, 
are designed for use in the 25-50 hp 
range with beth old and rerated NEMA 
irame sizes, 

Improved mechanical design enables 
the new brake to develop higher 
torque while requiring up to 6 in. less 


clearance for housing removal than the 





old brake it replaces. Overall length 
has been reduced as much as 2-1/4 in.; 


weight) reductions of more than 20 

per cent have been effected. Two 

available sizes are rated at 125 Ib-ft 

and 175 Ib-ft torque. Brake may also 

be supplied for floor mounting. Stearns 

Magnetic. Ine. Milwaukee 46, Wis. 
C No. 39 é 


SMALL SILICON 
POWER RECTIFIER 


> 


Taking up only 3/100 cu in. of space 
and weighing only 7/100 oz, silicon 
power rectifiers have been tested to 
operate at temperatures as high as 200 
C. and are shock- and vibration-proof. 

The = diffused-junction type silicon 
rectifiers are available in six voltage 


ranges, capable of handling voltages as 


high as 1000 volts. with d-e output 
currents of 300 to 400 milliamp. Re- 
verse leakage currents are said to be 
under 0.05 microamp. Other character- 
istics include: no derating up to 100 C; 


low forward resistance (1 ohm): and *® 


high rectification ratios (10°). Other 
features include pigtail leads and an 
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Cushioned Giass Construction 
High Dielectric Strength 
Design Standardization 

Vacuum Tight Sealing 
Vibration Resistance 
Super Durability 
Maximum Rigidity 
Miniaturization 


-and COMPLETE 
FACILITIES 


MAIN PRODUCTION FACILITIES IN NEWARK, NEW JERSEY 
The Newark plant houses the main engineering and production facilities at E-1. 


Designing, tooling and assembly departments include the most modern methods 
and equipment known to industry, today. 


CONTINUING RESEARCH KEEPS PACE WITH INDUSTRY'S 


NEEDS. The complete research laboratory located in Irvington-on-Hudson in 


New York assures products that anticipate the ever more critical requirements 
of the electronic industry. 


THE HICKSVILLE PLANT ON LONG ISLAND |S EQUIPPED 
for all types of electronic production. The Hicksville facility is one of the oldest 


producers of transmitting tubes, x-ray tubes, magnatrons and all forms of 
glass-to-metal seals. 


E-| HEADQUARTERS—for Compres- 
sion Seals, Multiple Headers, 
Sealed Terminals, Condenser End OTe TTP) Cree gos 


Seals, Threaded Seals, Transistor ar Miu aScrl 
Closures, Miniature Closures, Color aera ' = 
Coded Terminals, etc. ' Be 


ee ee 


PATENTS 
PENDING 
ALL RIGHTS 
RESERVED 
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COIL Problems? 


Check 
Your 


and look to COTO-COUL 


for the answer! 


More and more users of coils in volume are wisely handing over 
their problems to a specialist — Coto-Coil. 


Nearly forty years of “know-how”, plus latest information and 
methods quickly produce the exact coil you need in quantity. 


Join the trend, and learn how Coto-Coil can help you. 


For information write to Coto-Coil Company, 
63 Pavilion Avenue, Providence 5, R. I. 


New York Office: 10 East 43rd Street, New York 17, New York. 


eCis, 
a* " 


Coto Coils 





oun? 
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all-welded hermetic seal. Automatic 
Manufacturing Corp., 65 Gouverneur 
St., Newark 4, N. J. 

No. 40, Reader 


SUBMINIATURE RADIO 
NOISE FILTER 


Small, lightweight dual pi noise filter 
for actuator motors consists of fou 0.5. 
mf capacitors and two 0.5-mh toroids. 
Rated at 2 amp. 200 volts d-c, filter has 
the following dimensions: 7 x 7, x 7% x 
%o in. Weight. % oz. Unit is said to 


bring noise level below MIL-I-618]1 re. | 
r 


ieee 


see bash tae 







at 






ae 





quirements throughout the frequency 
spectrum. Epoxy resin dielectric per- 
mits operation at 300 F. Compression 
glass-to-metal hermetic seals are pro- 
vided. The filter mounts on top or 
side of the motor case. Electronic Spe- 
cialty Co., Miniature Components Div., 
5121 San Fernando Rd., Los Angeles 
39, Calif. 

No. 41, Reader nqery Service ds 

ioe teed eke 


MINIATURE CENTRIFUGAL 
GOVERNOR FOR FHP MOTORS 


Miniature centrifugal governor for 
fractional-horsepower motors is made 
of metal and nonhygroscopic materials, 
and hence is unaffected by fungus or 
humidity. The unit is designed for use 
with motors operating on 30 volts d-c, 





or 110 volts a-c. Contacts open when 
a pre-set speed is exceeded, shutting 
off the power. When speed drops below 
the set value, the contacts close. 
Construction includes platinum con 
tacts, a coin-silver-plated commutator, 
beryllium copper springs, and an 
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| ten million on-off cycles 
a at full load 


= demonstrate 
| Burndy Scrulug 
dependability 
on Kbert 
heavy-duty 
Mercury 
x | Relays 


per- 







SCRULUG 


This compact terminal is especially 
suited for terminating cables at 
safety switches, relays, electric con- 


sion 

| 
yro- | 
I 


Spe- trol equipment, signal equipment, 
Div., test blocks, and other highly sensi- 
eles tive installations. Tin-plated to re- 
| sist corrosion. 
ras 
| 
= 
DRS 
f “With us, quality in every detail is an absolute must. 
te Each Ebert relay design is tested for 10 million 
coat on-off cycles at full load. 
rials, 
is Or “We standardized on BURNDY SCRULUGS five years ago, 
- yse and field experience has proved it was a wise decision. 


d-c. Customers benefit from the compactness of design that SCRULUGS 
permit and the superior dependability of the terminations. 
They also appreciate the easier, more accessible terminations 


that SCRULUGS make possible.” 


—Irving L. Mitchell, PRESIDENT 
EBERT ELECTRONICS COMPANY 
QUEENS VILLAGE, NEW YORK 





If you have connector problems, Burndy’s thirty years of experience 
in connector engineering are at your service. Write or call 


when 
itting 
below 
con | ’ 
tator, 54-12 


{an NORWALK, CONNECT. — TORONTO, CANADA - Factories: NEW YORK, CALIF., TORONTO * Export: PHILIPS EXPORT COMPANY 
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PHENOLIC 


moiding material 
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NUMBER 1 PLASTIC 
! for products am contact with 


PUMP HOUSINGS 
and IMPELLERS 


SHOWER HEADS 
METER HOUSINGS 
DISHWASHER PARTS 
FAUCETS 


WASHING MACHINE 
AGITATORS 


@ For molded components, housings, assemblies 
serving in intermittent or constant contact with 
water...warm or cold...inside or out...with im- 
proved strength...today’s first choice is Durez 
13856 Phenolic. This helpful new pamphlet tells 
you why, gives the data you need on thermal, 
mechanical, and electrical properties, equipment, 
and procedure. We'll gladly send you a copy 
...more than one if you want. 


i 

| DUREZ PLASTICS DIVISION 

| HOOKER ELECTROCHEMICAL COMPANY 

{ 1310 Walck Road, North Tonawanda, New York 


Please send me your new pamphlet on Durez 13856 


Name - a Title 
Compan) a te ubaehsinaitiatiiag la 

Street 

City & Zone State 


“Leaders in Phenolic Plastics’’ 


aluminum body. Governors are factory- 
set to regulate at any desired speed 
from 6000 to 21.000 rpm. Setting is 
adjustable to + 1500 rpm. Speed 
») 


ragulation: per cent, 


Length of the governor is 1/2 in; 
commutator width: 7 32 in.: com. 
mutator diam.: 3/8 in. OD: clearance 
diam: 1 in. Unit takes a 1/8-in. shaft. 
Nader Manufacturing Co., 2661 Myrtle 
Ave.. Monrovia. Calif. 


No. 42, 


MAGNETIC MODULATOR 


Sensitive magnetic modulator, the Mag 
Mod, is designed to convert and amplify 
low-level bipolar d-c signals into 400-cy- 
cle sinusoidal a-c voltage of corres- 
ponding amplitude and phase sense. The 
magnetic modulators may be designed 
for operation on any excitation fre- 





quency ranging from 10° cps to 
several hundred thousand cps. Features 
include elimination of moving or 
vibrating mechanical parts or contacts 
that could are or fail; fast response 
time; and low hysteresis. Shock and 
vibration-resistant, device is designed 
to meet requirements of MIL-T-27. 
General Magnetics. Inc.. 135 Bloom- 
field Ave.. Bloomfield. N. J. 

Circle No. 43, R« f f r 


LATTICE MOUNTINGS FOR 
HEAVY VIBRATION AND 
NOISE ISOLATION 


Bonded-rubber lattice mountings pro- 
viding vibration and noise isolation, 
particularly in the low-frequency, high- 
amplitude range, have capacities rang- 
ing from 250 to 3000 Ib and _ static 
deflections from 1/4 to 1-1/2 in. 
Mountings feature a latticed rubber 
section which is bonded to horizontal 
steel plates at the top and_ bottom. 
The special lattice design permits the 
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TOTALLY ENCLOSED MOTORS 


Totally Enclosed Non-Ventilated 






MARATHON 
ene Totally Enclosed Fan Cooled 
mei Totally Enclosed Forced Ventilated 
WY ) Listed Explosion Proof 
oe MARATHON ELECTRIC DESIGNS AND MANUFACTURES 





MOTORS - PA - TO - 2500 HP © GENERATORS - ; - TO - 2000 KW 
For the Whole Shecy 
Write for ME Bulletin No. 158 


MARATHON 


HOME OFFICE AND FACTORY, WAUSAU, WIS. 


SINCE 1913 


ELECTRIC 


FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 





SALES OFFICES IN PRINCIPAL CITIES 
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The tantalum oxide film 





es CATALOG capaciTy | WORKING 
employed in Fansteel NUMBER MFD* Dt 
Capacitors is the most stable 
; PP30B6A1 
dielectric, chemically and PP2S5BBA1 
electrically, yet discovered. PP20B10A1 
. PP15B15A1 
Fansteel Tantalum Capacitors 
h toatl enited PP10B25A1 
ave a practically unlimitec PP8B30A1 
life, either in use or on the PPSBS5OA1 
shelf; have a maximum PP4B60A1 
PP3.5B75A1 3.5 
d-c leakage of only PP28100A1 . 100 
0.000008 ampere; and PP1.75B125Al| 1.75 | 125 
stable characteristics are PP140B6A1 140 6 
unchanged over a wide wee | oe 7 
— ; PP70B15A1 15 
temperature range. 
’ PP40B30A1 30 
PP25B50A1 50 
Fansteel offers Tantalum PP20B60A1 60 : 
Capacitors in 87 sizes and PP1SB75A1 75 
: eee aie PP11B100C1 
ratings. A partial listing is PP9BI25C1 
shown here. All sizes are PP32586A1 6 | 
available from stock. PP250B10A1 | 250 10 
PPI7SBISAl | 175 15 ; 
Send for *—15% +20% at 120 cps, 25°C 
bulletin 6.100 § Microamperes, at 25°C 





FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 


TANTALUM CAPACITORS... DEPENDABLE SINCE 1930 
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shock load to be carried by the rubber 
in shear, providing a high degree of 
horizontal stability. Since no parts 
move against each other, lubrication 
is never required. Noise transmission 
that could be carried by a conventional 
spring-type suspension is said to be 
eliminated. Damping characteristics of 
the elastomer stops excursion of 
machinery when passing through re- 
sonance in starting or stopping. Lord 
Manufacturing Co., 1635 West 12 St. 
Erie, Pa. 


Circle No. 44, Reader Inquiry Service Card 
preceding back cover 


AIR-OVER MOTOR 


Totally enclosed air-over motor is nearly 


30 per cent lighter than previous 
models and approximately 20 per cent 
smaller. Designed to produce varying 
horsepower with the application of vary- 
ing air velocities, the nonventilated 
motor is particularly suited to air- 
moving application. Motor is cooled by 
the air flow over it caused by the fan or 
blower it powers. Horsepower output 





can thus be increased without exceed 
ing the rated temperature rise of the 
motor. 

An addition to the line of Tri-Clad 
55 motors, the new model incorporates 
polyester film insulation, cast-iron con 
struction, and Formex wire stator wind 
ings. 

Mounting is simplified by the loca 
tion of the conduit box in the end- 
shield, where it does not obstruct air 
velocity. All leads are numbered every 
half inch from terminal to windings. 
for easy identification even after term- 
inals are taped or wires clipped. Motor 
is available in 14 through 5 hp ratings, 
and in frame sizes 182. 184, 213 and 
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SER oR nner 


915. General Electric Co.. 1 River Rd.. 
Schenectady, N. Y. 


Circle No. 45, Reader Inquiry Service Cards 
preceding back cover 


MAGNETIC SERVO AMPLIFIER 


Designed for 
servo systems, 


instrument airborne 
6-watt. 115 volt, 400- 
cycle magnetic amplifier, Part No. 
T1616JC, operates directly from a 
synchro control transformer or potenti- 
ometer, without preamplifier or de- 
modulator. The three-stage, fast- 
response, half-wave bridge circuit used 





bandwidth 
Motor 


20-cycle 
BuOrd 
Mk 7 in a closed loop system using 
simple circuitry. 
Hermetically 
less than a 0.07- volt drift with respect 
to wide changes in line voltage and 


is capable of a 


when driving a Servo 


sealed, amplifier has 


frequency or temperature. 
1.7 lb. (Sixty-cycle models also are 
available.) Specialties, Inc., Skunks 
Misery Rd.. Syosset, L. L, N. Y. 


Circle No. 46, Reader Inquiry Service Cards 


Weight; 


TWIN LAMPHOLDER FOR 
3-WAY LIGHTING 


Twin lampholder, designed in brown 
molded phenolic, offers versatility in 
3-way lighting. Through alternate con- 
trol of two single-filament lamps of 


different wattage. the 4500 series 





gives 


lampholder 3-way 
floor and table lamps; when equipped 
with a 50-watt and 100-watt lamp, it 
will turn each on separately or both 
on at one time for a choice of 50, 100 
or 150-watt lighting. 


lighting for 











FANSTEEL ME 


DEPENDABLE 


CATALOG 
NUMBER 


TADL35L 
TEUH315(?) | 2-8-1- 254 
TBUIO0L -100-1- 1090 


0.004(') 
0.020¢") 
0.020 


TEB328L(*) | 2-11-1- 297 | 0.150 
TEWO66L -4-]- 108 | 0.180 
TECO70L -5-1- 135 | 0.300 


TEX034L -1-3- 27.8) 1.59 
TED200LN -—175 | 0.600 
TBYO60L -3-1- 62.7} 1.0 


1.0(") 
2.3(°) 
4.6(5) 
TBGOS4L =| 2-1-1- 10.4} 5.2 


TETOSOL 53.9} 4.6 
TEP314L(3) | 2-7-2- 189 oe 


TERO20L 
TERO34L 
TBROOSL 


TBYO60L -3-1- 62.7 
TEEW334L(4) | 2-7-1- 295 
TEFW332L(‘) | 2-13-1- 548 


79.5 | 12.93) 


(') Capacitive Load. Ratings unmarked are for resistive or induc- 


tive loads. 
(?) Hermetically Sealed. 
(*) Two stacks required. 
(‘) Three stacks required. 
(5) Resistive, inductive or capacitive load. 
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Operating at 100°C (212°F) 
Fansteel High Temperature 
Rectifiers deliver full rated 
power output, continuously, 
with no derating whatever. At 
temperatures up to 150°C 
(302°F), only moderate 


derating is necessary. 


Fansteel High Temperature 
Rectifiers are available in all 
standard cell sizes and all 
standard circuit arrangements 
and with all standard 
protective finishes — moisture 
resistant, fungus resistant 
and a salt-spray resistant 
finish that meets MIL 
specifications. The table 
indicates a partial list of over 


100,000 available types. 


Send for 
bulletin 6.401 


TALLURGICAL CORPORATION 
mist elt 


oo 


5 2S Be 


243 











WATLOW’S NEW 


CARTRIDGE 
HEATING 
UNIT 


-. HOT 
NEWS 


in cartridge 
heating units 







WATLOW 
FIREROD 


STANDARD 
CARTRIDGE UNIT 


SAME HEAT in 1/5 the size! 


@ A NEW HIGH of 375 watts per sq. in. (500°F operating temp. 
with .005” fit in hole.) 


@ 1-O-N-G-E-R cartridge life. 


@ LIGHTER WEIGHT and smaller size—for greater flexibility in 
installation and design application. 


WRITE for Bulletin 355. 







Se ee ee ee oe ° 


1362 Ferguson Avenue, St. Louis, Mo. 























Two Companies Under One 
Roof Offer You a 
Prime Source for... 


PRECIOUS 
LAMINATED METALS 


and 
FABRICATED PARTS 


INDUSTRIAL DIVISION 


Pea a 


COMPANY 
ATTLEBORO, MASSACHUSETTS 


os aim is to give you fast, 
efficient PERSONAL SERVICE on all 
orders and inquiries. Write us, we'll 
show you we mean business when 
we talk SERVICE and QUALITY. 

Leach & Garner produces solid and 
laminated precious metals in sheet, 
wire and tubing. General Findings 
& Supply Co. fabricates precision 
parts from these and many other 
materials to your specifications. 


a 
aad 
a 
mS 


** 
we? 


INDUSTRIAL DIVISION 


UC 
AND ida COMPANY 


ASK FOR BROCHURE EM 1 ATTLEBORO, MASSACHUSETTS 
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It is 


available. too, as a_ single. 
circuit model for turning both lamps 


on or off at the same time. 


Both models have manufacturer’s 
Levolier switch mechanism and _= are 
easily wired through removal of two 


brass collars which allows the housing 
to separate and thus expose the internal 
mechanism. Housing has 1/8 or 1/4- 
in. pipe thread openings in top and 
bottom to accommodate the lamp stem 
and final nut. McGill Manufacturing 
Co.. Inc.. 909 Lafayette St., 


Ind. 


Valparaiso, 


No. 47, Reader Ir ry Service Card 


MIDGET ANCHOR NUT 


Line of self-locking anchor nuts now 
include a 2-56 thread size. In the lock- 
ing design the upper threads are made 
elliptical and highly 
nating the 


elimi- 
auxiliary 


resilient, 
necessity of an 


NS 


%, 


locking device. Since the miniature nut 
is all metal. there is no danger of fungi 
accumulating in terminals in electronic 
applications. The fastener can be used 
in temperatures ranging up to 550 F. 
The Kaynar Co., Kaylock Div., 820 E. 
16 St., Les Angeles, Calif. 

No. 48, R r 


FAN-DUTY MOTORS RATED 
FROM 34 TO 20 HP 


Totally fan-duty 
ratings of 3/4 to 20 hp. are designated 
Type EFD. Feature is use of double- 
width prelubricated 


enclosed motors in 


ball 


sealed bear- 





ings. Other design advantages _ in- 
clude deep, integrally cast fins and 


extra-margin double- 
(polyvinyl-acetal — in- 


( )ptional 


windings with 


heavy Formvar 


sulated) wire. connection 
boxes fit any air-over-motor application. 
For equipment requiring explosion- 


proof construction, available in motors 


OCTOBER 1955 ELECTRICAL MANUFACTURING 
- . 





| 


| AVAILABLE NOW! 


: NEW HUDSON 
STANDARD 
1 CASES 








d STANDARD 
n RECTANGULAR 


HU-—-764 


| = BIMEN: 8-1 57/64 FULLY-EQUIPPED PLANTS 
ENGTH—3” 
a 769: 
DIMEN. A-—-2 5/16 

} DIMEN. B-—-6 15/16” 
LENGTH-—-3 3/32” 
HU—--770: 
DIMEN. A-—-? 33/64’ 
DIMEN. B--4 9/32’ 
LENGTH--3 11/32” 





Mie 


HU—-783 
k- DIMEN, A—5/0” 
a DIMEN. B—1 5/16” 
. LENGTH—1 7/16” 
ll- HU-—-788: 
DIMEN. A—1 5/32” 
ry DIMEN. B—1 13/32’ 
LENGTH-—7/e” 
HU--791: 


DIMEN. A-—-2 19/64’ 
DIMEN. B~—-2 13/16” 
LENGTH—1 43/64” 


HU-—-797: 

DIMEN. A.-1 7/16” 
DIMEN. B.—2” 
LENGTH——2%2” 
HU—799: 


DIMEN. A—-27/32” 
DIMEN. B---1 25/64” 
LENGTH-——1 47/64” 


STANDARD 
ROUND SIZES 


nic AU—695: 

OUTSIDE DIA.—-2 15/32” 
ed LENGTH—6” 
F. HU---707: 
: OUTSIDE DIA.—1 29/64” 
E. LENGTH. 11/e” 
j HU—721: 
OUTSIDE DIA.—2 61/64” 
LENGTH---25/0” 














. HU—749: 
OUTSIDE DIA.—1 19/647 
LENGTH=-3” 


HU 757: 
OUTSIDE DIA.-—17/c” 


LENGTH—~21/2” : % 

HU-—-787: 

lemme" Hudson Standare 
Over 1000 economicalystandard ty 


st 


PRE 


siti iss : ti ena 


LETE SERVICES! 
- 





aoe 





> 
HU—- 79 


j 8: As ae -s . ‘w ” . . 
Be emery. DIA. —2 25092” supply precision components at commercial Prices. A wide | 


my 003: variety of optional features make it,possible to solve “= 
ile- OUTSIDE DIA.--2 2/16” oy 


LENGTH-—240™ + all but the most unusual closure requirements with 
standard types selected from HUDSON stocks. 


S ° 
: seappAne Hudson Quality’M tampings 
oo Metal parts produced to your.exact. specifications at prices 


DIMEN TA—dae” that reflect the economies ‘of mass production methods. 


LENGTH—3 3/16” Hudson can work to close tolerances and maintain, 
tg Sh uniformity throughout production runs. Quotations supplied 
LENGTH—~1” i 


+ ay si, : promptly on receipt of drawings. 


tie ee Hudson Sheet Metal Facilities”  F°SERR3"57 one nondy | 
ae Depend on HUDSON for expert fabrication of simple or Si|"InSigdeg items and com- 


LENGTH—-31/2” complex sub-assemblies. Facilities include certified welding plete information on Hudson 









in- | , ; i ‘ " tal working facilities. Call 
_ Ones sae of alloys, silver soldering, brazing and chrome plating, or write fer yeur copy, now! | 
An LENGTH—134” 


yle- | HU 785 
DIMEN. A—1 1/64” i 


in- LENGTH--—2 é om) HUDSON | 
(ay? ) TOOL @ DIE COMPANY - INC | 


ions Precision Components of 
on. ‘ FILE THIS PAGE for Steel, Aluminum, Copper, | 
118-122 SOUTH 14th ST., NEWARK 7, WN, J. | 


a FUTURE REFERENCE Brass, Mu Metal 


ors 





LING 
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Provide delays 
ranging from 


THERMOSTATIC 
2 to 150 


ya a NAS 2 to 15° 


MOST COMPACT 
MOST ECONOMICAL 
HERMETICALLY SEALED 


@ Actuated by a heater, they operate on 
A.C., D.C., or Pulsating Current. 

@ Hermetically sealed. Not 
altitude, 
changes. 


affected by 
moisture, or other climate 


e@ Circuits: SPST only— 

normaily closed. 
Amperite Thermostatic Delay Relays are 
compensated for ambient temperature 
changes from —55° to + 70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. 


normally open or 


TANDARD : 
. The units are most compact, rugged, explo- 


sion-proof, long-lived, and — inexpensive! 
TYPES: Standard Radio Octal, and 9-Pin 
Miniature. 
PROBLEM? Send for 
Bulletin No. TR-81 


SL current protection. 


cy 


REGULATORS 


e Amperite Regulators are 
designed to keep the current in 
a circuit automatically regulated 
at a definite value (for example, 
0.5 amp ). 


@ For currents of 60 ma. to 5 amps. Oper- 
ates on A.C., D.C., or Pulsating Current. 


@ Hermetically sealed, light, compact, and 
most inexpensive. 


Re ; 


| , 
Wrz 


Amperite Regulators are the simplest, most 
USL Lg 


effective method for obtaining automatic 
regulation of current or voltage. Hermetically 
sealed, they are not affected by changes 
in altitude, ambient temperature (—-55° to 
.90°C), or humidity. Rugged; no moving 
parts; changed as easily as a radio tube. 











VOLTAGE OF 24V ' WITH AMPERITE 


BATTERY & CHARGER | VOLTAGE VARIES 
VARIES APPROX 


90% : 
A — CO., Inc. 


561 Broadway, New York 12, N. Y. 


In Canada: Atlas 











No. AB-51 


Radio Corp., Ltd., 560 King St., W., Toronto 2B 
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Also—a new line of Amperite Differential M 
Relays — may be used for automatic over- RE 
load, over-voltage, under-voltage or under- 

MINIATURE 





Write for 4-page 
Technical Bulletin 








are Type ECXFD, approved by Under- 
writers’ Laboratories for use in 
hazardous locations of volatile 
and explosive dusts. 

Typical applications include: _ in- 
dustrial and commercial fans, blowers. 
air conditioners, unit heaters and other 
uses where an air-over-motor is in- 
dicated. The Lima Electric Motor Co.. 
35 Findlay Rd., Lima, Ohio. 


Circle No. 49, Reader Inquiry Service Cards 
preceding back cover 


gases 


ELECTRIC THERMOSTAT FOR 
APPLIANCES, EQUIPMENT 


Suitable for use in clothes dryers, elec- 
tric room-heaters, unit air conditioners 
and other household equipment. EA 
thermostats also can be used in steam 
and dry heat tables, sterilizers, counter 
griddles, wrapping machines, and simi- 
lar equipment. 

UL-approved, the thermostat is avail- 
able in either direct acting or reverse 





making con- 


breaking or 
tact on temperature 
Small 


longest dimension—is 


acting types, 
rise. 

than 3 in. in the 
one of its ad- 
vantages. Dials, which are optional, are 


size—less 


available in standard temperature 
ranges of 60-250; 100-200; 200-400 and 
200-550 F, with 1-10 reference points. 
Robertshaw Thermostat Div., Robert- 
shaw-Fulton Controls Co., Youngwood, 
Pa. 


C 


rcle No. 50, Reader Inquiry Service 
preceding back cover 


20-AMP GROUNDING-TYPE 
RECEPTACLE 

Rugged single grounding-type recep- 
tacle is rated at 20 amp, 250 volts. 
Cataloged as the S-395, it can be used 
in single phase with a separate ground 


* OCTOBER 1955 ELECTRICAL MANUFACTURING 








er 


n 


Lite 


he 


d- 


ire 
nd 
ts. 
rt- 


rd, 


sp- 
ts. 
ed 
nd 


ING 


ne 





MACHINERY MFR. GETS 


HIGHEST EFFICIENCY WITH 


STERLING SLO-SPEED! 


Slo-Speed provides the one best, dependable 
low speed so necessary for the successful op- 
eration of our new automatic spinner which 
increases production of inner spring mattresses 
365%, reports Mr. Charles H. Gail, Presi- 
dent of Spring Machinery Co., Los Angeles. 
Slo-Speed drives were selected for their low 
maintenance, rugged and efficient gear system, 


positive oil seals and streamlined appearance. 
STERLING SLO-SPEED GIVES YOU 
THE ONE BEST LOW SPEED AND 


gives uninterrupted service—carries 
heavy overhung loads—provides versa- 
tile mounting and flexibility in arrange- 
ment of machinery—saves valuable 
space—provides greater safety —costs less 
to install and use. An indispensable 


source of low speed power for: 


Agitators Dryers Presses 
Blenders Feeders Pumps 
Blowers Kilns Screens 
Conveyors Mills Tumblers 
Cookers Mixers Etc., etc. 


MULTI-MOUNT 
REDUCER 





face or flange mounted. 
SEPARATE MOTOR 
SLO-SPEED REDUCER 


For applications where separate motor 


WRITE FOR reducer combinations are desirable. 
Application Bulletin 
ecw De T e ~) a a ae ‘nee 
Electric Power Drives 
increase production M oTS R S 








ewe — costs. Plants: New York City 51; Chicago 35; Los Angeles 22; Hamilton, Canada; Santiago, Chile 
or Bulletin No. 200-A Offices and distributors in all principal cities 
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FOR FINE WIRE PRODUCTS... 


t digits 
2 





Almet Stainless Steels 


MEET MORE REQUIREMENTS 
THAN OTHER ENGINEERING MATERIALS 





Does your Fine Wire application call for resistance to 





heat? . . . to corrosion? Does it require good fatigue 


properties . . . excellent weaving or other forming char- 





acteristics? There’s a good chance you will find the mate- 





rial you need among the more than 20 grades of stainless 
steel we fabricate into high quality Fine Wire. No other 
family of metals has the combination of properties com- 
mon to the stainless steels. 

Learn more about the interesting properties and ap- 
plications of our stainless steel Fine Wire, as well as 
our stainless Rod and Strip . . . send today for a copy 
of our new 40 page Stainless 7 
Steel Design Handbook. 






ALLOY METAL WIRE DIVISION 


H. K. PORTER COMPANY, INC. 
Prospect Park, Pennsylvania 


© PORTER COMPAmT imc 


S sOnonmmew 
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and in 3-phase wiring, or it can be used 
in single phase and grounded to the 
yoke. Special solid phosphor-bronze 
contacts are used for maximum per- 
formance. Two methods can be used 
for wiring the S-395. The wire can be 
wrapped around the screw or it can be 
back-wired, incorporating manufactur- 
er’s “Channel-Lock” feature. Screws 
are staked and backed out to ease 
wiring. The Slater Electric & Mfg. Co., 
Inc., 56 St. and 37 Ave., Woodside, 
a 
Circle No. 51, Reader nquiry 


LOW-CAPACITANCE COAXIAL 
CABLE WITH CELLULAR 
POLYETHYLENE DIELECTRIC 
Coaxial cables, designated 93-3913 and 
93-3914, have a capacitance of 12 mmf- 
ft. Outer diameter of cables is held 
to 0.132 in. max, so that three of these 





cables occupy space equivalent to one 
RG 62/U. 

Characteristic impedance of the 
cables is 98 ohms; velocity of propaga- 
tion, 80 per cent. A thin wall of nylon 
under the braid permits soldering both 
center conductor and braid. Temp- 
erature rating: —65 to 120 F. Microdot 
Div., Felts Corp.. 1826 Fremont Ave., 
South Pasadena, Calif. 

rcle No. 52, Reade r_ Inquiry Serv 


COMPACT TRANSFORMER FOR 
UP TO 320 KV 


Reduction in size of high-voltage trans- 
formers is made possible by use of poly- 
styrene insulation. Transformers up to 
320 kv rms have been built to deliver 
close to one million volts d-c, using 
a voltage doubler circuit, and up to 300 
kv d-c in a full-wave bridge, resistive 
load, or up to 400 ky d-c, capacitive 
load. Input can be 115 to 230 volts or 
any input voltage at any frequencies 
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improved 
fiber gasket 


withstands heat, solves maintenance problem 


The non-metallic cylinder-head gaskets used by a 
manufacturer of air compressors crumbled to pieces 
whenever a unit was disassembled for maintenance. 
Operating temperatures up to 250° F, charred these 
gaskets and made flanges hard to clean. 

Later, Armstrong CN-705 Accopac® was used in 
place of the original material. It withstood the high 
operating temperatures and gave long, dependable 
service without replacement. 

Accopac is made by a patented, beater-saturation 
process which blends fiber and cork with a non- 
volatile, non-extractable latex binder. The resultant 
sheets are uniform, unusually compressible, and im- 
pervious at bolting pressures as low as 800 psi, 


‘(Armstrong Accopac 


Accopac is widely used in pumps, aircraft and 
automotive devices, household appliances, and many 
other applications. 


FREE 24-PAGE MANUAL—For data 
on Accopac and facts on Arm- 
strong synthetic rubber, cork 
composition, and cork-and-rub- 
ber, look for “Armstrong Gasket 
Materials” in Sweet's product 
design file . . . or write Arm- 
strong Cork Co., Industrial Div.., 
7010 Ingersol St., Lancaster, Pa. 
Be sure to specify Armstrong 
materials when you order from 
your local gasket fabricator. 


. . . used wherever performance counts 
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SAVE 





on original development costs 
by using REULAND ELECTRIC'S 


SPECIAL-MOTOR “LIBRARY” 














Fluid-Shaft 
Motoreducer 
with Brake 




































Right-Angle 
Worm 
Motoreducer 


ae UUM LL eA UGS ML GL Rea 


MOTOR #184 


Motoreducer 


Over 900 Different 


Electric Motors 





HIGH STARTING TORQUE ON LOW 
CURRENT —plus variable speed re- 
duction, are features of this Slip 
Ring Gear Reducer motor. Aids in 
getting heavy loads up to full speed 
through step by step starting. 











FLUID-CUSHIONED ACCELERATION, 
SLOW SPEED, SPLIT-SECOND BRAKING 
—Internal fluid coupling provides 
smooth starts, prevents “jamming” of 
equipment. New “doughnut” magnetic 
brake can be mounted before or after 
coupling —or both. 












MOUNT PUMP DIRECTLY TO MOTOR’S 
END BELL —Eliminates usual need for 
separate pump-mount platform. In- 
sures absolutely perfect alignment 
with pump shaft. Available with 
flange on one or both ends. For all 





‘=| Hydraulic Pump standard pump makes. 
Mount Motor 


COMPACT SPEED REDUCER— This 
right-angle, worm type gear re- 
ducer provides lowest cost speed 
reduction. Mounts on floor, over- 
head or side. Extremely versa- 
tile, multi-shaft load hook-up. 
Fits tightest quarters. 


Don't pay for special motor development until you first check 
the Reuland SPECIAL-MOTOR LIBRARY. Reuland’s revolutionary 
new XPANDABLE DESIGN idea has produced literally hundreds 
of unique power packages, one of which may aieady be the 
answer to your needs. 

Reuland also produces a complete line of standard electric 
motors. Free engineering literature will be sent upon request. 
Your inquiry will be given prompt, personal attention. 


REULAN 


ELECTRIC COMPANY 


Distributors In All Principal Cities 


Western Division: Alhambra 6, Calif. — Eastern Division: Howell 6, Mich. 
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from 25 up to 3200 cycles, depending 
upon individual design, which allows 
for leakage inductances and distributed 
capacitances factors as _ function of 
input frequency. 

Illustrated is a 55-kv (rms) trans- 
former capable of delivering 150 kv 
d-c at 0.1 amp in a voltage doubler or 
50 kv d-c at 0.3 amp continuous duty. 
Applications for the transformers in- 
clude electrical precipitators, Van der 
Graff machines, X-ray equipment and 
high-voltage power supplies. Power 
Transformer Co., Inc., 532 Mulberry 
St., Newark 5, N. J. 


Circle No. 53, Reader Inquiry Service 
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SUBMINIATURE WIREWOUND 
POTENTIOMETER TRIMMERS 


Featuring a 1/2 in. diam, subminiature 
wirewound precision potentiometer 
trimmers have a resistance range from 
10 ohms to 50 kilohms, and an ambient 
temperature range from —55 to 125 C 
Weight is only 1/4 oz. 

The case and threaded mounting 
bushing is precision machined, one- 
piece anodized aluminum for maximum 





heat dissipation. The shaft is center- 
less ground stainless steel with a 
threaded bushing; available with non- 
rotating lock or stops if required. High 
or low torque units are available. 

All units are sealed against sand, 
dust and foreign matter. Moisture- 
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SAVE TIME 
SAVE WORK 


SAVE MONEY 
WITH 


| CRESCENT PRE-FORMED HARNESS 
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Every day, Crescent wiring specialists aresolving 
problems for more and more leading manufac- 
turers. Don’t “do-it-yourself”. Let our design 
engineers show you how Crescent custom-built 
assemblies can do the job better—save you 
time, work and money. A field representative 
is near you right now. Write Dept. EM today. 
or telephone Pawtucket 2-3100. 


ivi CRESCENT COMPANY, INC. 


Serving Industry for more than 30 years 
FOR COMPLETE INFORMATION, WRITE DEPT. EM. 
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CLIFTON PRECISION OFFERS A 


SIZE 15 SYNCHRO TRANSMITTER 
identical to BuOrd type 15CX4a 


xCE 


ACCURACY SPREAD GUARANTEED 10° or LESS 





300 
280 





260 





nai siican ei. irs ea te 


acto RANSMITTER~ 
TYPE es. 1 3 


: 
fs 
Sees 


240 
220 
200 





180 
160 
140 
120 
100 


<HA-AZPCcoO 


80 i” 
60 Pe : 
so & 
20 


o t-2 2 8° 9 8 7 BO DOU e owes evrs oe 
ERROR SPREAD IN MINUTES 


The CG-15-MS-1 transmitter is interchangeable part for part with the U.S. 


Navy Bureau of Ordnance type 15CX4a synchro transmitter (Mark 22 Mod. 1) 
in every respect. 


Because of quality workmanship in this unit we are able to guarantee 
accuracy spreads not to exceed 10’. From the chart it will be noted the 


majority of production units have error spreads between 5’ and 8’—yet price 
remains exceedingly low. 


Stainless steel bearings are provided for better environmental resistance. 


FOR SALES INFORMATION, CONTACT: 


New England: The Darbury Corp., 99 Elm St., W. Newton 65, Mass. 
Southwest: Ammon & Woods Asso., 4163 Glenwick Lane, Dallas, Tex. 

West Coast: Enright Engineering Co., 988 W. Kensington Rd., Los Angeles 
Home Office: T. W. Shoop, Sales Mgr., Telephone (Phila.) MAdison 6-2101 


LOOK TO CPPC FOR SYNCHRO PROGRESS 


CLIFTON PRECISION PRODUCTS CO. Inc sz 


CLIFTON HEIGHTS 
PENNSYLVANIA 
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proofed and tungicide-treated. they 
meet applicable portions of MIL and 
JAN specifications. Electronic As. 
sociates. 125 Rogers Ave.. Somerville 
14. Mass. 

No. 54, Reader 


HIGH-TORQUE SET SCREWS 

High-torque steel set screws are avail- 
able in a complete range of sizes from 
No. 0 to | in. diam. In tests under ex- 
treme impact-induced vibration, the 
high-torque Unbrako socket head set 
screws stayed firmly in place as much 
as 23 times longer than conventional set 
screws. The new fasteners incorporate 





a series of design and fabrication ad- 


vances—including fully formed threads, 
stronger, deeper sockets and_ tighter 
overall tolerances—that permit them to 
go into a hole (even a poorly tapped 
one) more easily, stay in place longer 
(even under severe vibration) and be 
reused more often than ordinary set 
screws. Standard Pressed Steel Co., 
Box 901, Jenkintown, Pa. 
No. 55, Rea r 


ULTRASENSITIVE 
ELECTRONIC RELAY 
CONTROLS 60-AMP LOADS 
Low current. low-power devices, includ- 
ing photocells, can activate the new 
Micrelay, an all-electronic, ultrasensi- 
tive relay. It is designed for control 
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Fuse blocks molded by Federal Pacific 
Electric Co., Newark 5, N. J., for use in 
their “Noark” Type D safety switches. 


WHY FUSE BLOCKS FOR NEW SAFETY SWITCHES 


ARE MOLDED OF BAKELITE Puenotic BMG-5000 


Your own requirements may parallel 
this application —fuse blocks molded of 
BAKELITE Brand Phenolic BMG-5000, 
used in the new line of Federal’s 
“Noark” Type D safety switches. 

A general-purpose phenolic molding 
material, BMG-5000 exhibits good elec- 
trical insulating qualities. These fuse 
blocks are used in 30 amp., 125/150 v. 
A.C. or 240 v. D.C. safety switches. 
And BMG-5000 has the strength and 
chemical resistance that gives it- dura- 
bility to match its electrical properties. 

BMG-5000 is ideal for close-toler- 


ance molded parts that must be free 
from warpage and blisters. These blocks 
have a clean attractive appearance. 
Their surfaces are smooth, with a rich 
black color. And there’s no shrinkage 
in field service. The parts withstand 
moisture . . . will resist extreme tem- 
perature variations. 

An economy package of the most- 
wanted molding and fabricating char- 
acteristics, BAKELITE Brand Phenolic 
BMG-5000 is a material you should 
know more about. Get complete data 
by writing to Dept. LG-52. 






BAKELITE 


BRAND 


Phenolic Plastics 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [a 30 East 42nd Street, New York 17, N. Y. 
In Canada: Bakelite Company, Division of Union Carbide Canada Limited, Belleville, Ontario 
The term BAKELITE and the Trefoil Symbol are registered trade-marks of UCC 
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HIGH PERFORMANCE 
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BRUSHES 
CONTACTS 
OLIP RINGS 


& Slip Ring Assemblies 


BRUSH HOLDERS, CONTACT ASSEMBLIES, 


USED EXTENSIVELY IN: 


SERVOS - GUN-FIRE CONTROLS 
TELEMETERING - ROTATING 
THERMOCOUPLE and STRAIN 
GAGE CIRCUITS - ROTATING 
JOINTS - DYNAMOTORS 


Wide range of grades available for standard 
and special applications. Call on our 40 years of 
design experience to help solve your problems. 


OTHER GRAPHALLOY 
PRODUCTS: Unigue, (cil 
ngs 


free) self-lubricating 

and Bearings (applicable —450° 
fe +700°F.; with expansion co- 
efficient half that of steel will not 
seize shaft at low temperature); 
Oil-Free Piston Ri Seal Rings, 
Thrust and Friction Washers, 
Pump Vanes. 





GRAPHITE 





METALLIZING CORPORATION | 


1 
| 1059 Nepperhan Ave. * YONKERS, NEW YORK j 
| [[] Piease send date on Graphatiey BRUSHES and CONTACTS. | 
[} send date on BUSHINGS. ; 
| mea yme ] 
1 COMPANY ! 
| me 

a TONE STATE 
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of high-power, high-current loads up to 
60 amp or 3 hp at 115 volts, a-c from 
devices or circuits with impedance 
values ranging from 10 megohms (3 
microamp) to 100,000 ohms. 

The Micrelay is also available for 
control of loads of up to 35 amp or 
2 hp at 115 volts, a-c, and may be 
obtained for either normally open or 
normally closed operation. Advantages 
include: only one moving part in en- 
tire unit, and built-in power line isola- 
tion permitting flexibility of external 
control circuitry. 

UL-approved, the mercury plunger 
relay employed provides mercury-to- 
mercury action in a hermetically sealed 
tube. Closure time 35 millisec. 
Dimensions enclosure): 214 in. 
deep x 5 in. high x 834 in. UL- 
approved enclosures are available. 
Ebert Electronics Corp., 212-21M 
Jamaica Ave., Queens Village 28. N. Y. 


Circle No. 56, Reader Inquiry Service 
preceding ba ver 


is 
(less 


long. 


K 


STEPLESS TEMPERATURE 
CONTROLLER 


Useful with plastics machinery, electric 
furnaces, kilns or other electric equip- 
ment, stepless temperature controller 
modulates the power input to an elec- 
tric load so that heat input is only 
equal to heat losses. This is accom- 
plished without the use of contactors. 

Improved controller automatically 
varies power input to load between 3 
and 90 per cent, according to needs. 
Units have been made from 300 va to 
110 kva single- or three-phase and are 


available in higher ratings. Prolonged 





heater life and power savings are among 
advantages offered. Thermal shock to 
heater elements eliminated as the 
control supplies power at a low level 
once proper temperature is reached. No 
vacuum tubes are used. 

Versatility of multi-load units make 
possible its use for several different 
loads, on either 115 or 230 volts. An 
adjustable bandwidth allows units to 
operate a variety of unstable devices. 
Bandwith can be adjusted from the 
front of the instrument from approxi- 
mately 14 to 4 per cent of scale range. 
Manual reset allows correction of droop 


18 











NEED 
RELAYS? 


SPECIFY. 


t 


and get more for 
your relay dollar! 






Quality 
construction 


delivery 


Pick the size you 
want... choose the 
features you need... 


c 


you'll find that an AEMCO relay will meet 
or exceed your specifications. Compact in 
design, dependable in performance, AEMCO 
relays are manufactured with extreme care 
—the choice of more than 100 top names 
in American industry—and here are the 
reasons why: 


Lower cost—dve to modera pro- 

* duction techniques and fresh, new 
engineering ideas. All AEMCO 
products are designed with short- 
cuts and specific production econ- 
omies in mind. 





Top quality— based on more than 
30 years experience. We'l work 
closely with your design engimeers, 
and we'll do it without red tape 
or confusion. 


ome eee oe eee ee ee 





Many standards—to choose from. 
AEMCO relays are available ina 
wide variety of spring and coil 
combinations, operating poten- 
tials, and contact ratings. Types 
include: open, can, plug-in base, 
hermetically sealed, midgets, dual- 
purpose, delayed make or break, 
circuit control, current, and poten- 
tial relays. 





Speedy prototype delivery— 
and quick tool up for produc- 
tion. Yes, at AEMCO we're selling 
service as well as design and 
manufacturing ability. 





Ree eS GS GD Ce SS ee ee ee eS ee 


For more information on the stand- 

ord AEMCO relay line, write for 

your free descriptive bulletin today! 
ERR RR AINE 










| AUTOMATIC ELECTRIC MFG. CO. 
41 STATE ST. * MANKATO, MINNESOTA 
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This completely new motor — designed by Holtzer- 
Cabot and styled by Raymond Loewy Associates 
— rounds out the Holtzer-Cabot line of subfrac- 
tional motors for instrument, recording units, 
office appliance and other applications. It pro- 
vides an intermediate size between the Holtzer- 
Cabot 21%" and 334" frame motors. 

The single phase motors in this 3” frame are 
the single-value capacitor type, the ideal class 
for single-phase operation. The efficiencies of 
the various ratings run over 30%. As a result, 
there is lower temperature rise and less heat to 
be dissipated. 

The synchronous motors have a stainless steel 
shaft and new rotor construction. The class is 


NOMINAL RATINGS FOR CONTINUOUS DUTY r ny Sa ae 
HOLTZER- CABOT MOTOR DIVISION 


HOLTZER-CABOT 


basically of the reluctance type, but the rotor is 
completely cylindrical with no irregularities or 
slot openings. This construction promotes more 
uniform torque and quieter operation. 

The stator has slotted construction with dis- 
tributed windings. Mylar insulation is used in 
the slots. End caps are die-cast aluminum. Either 
ball or sleeve bearings are available. Standard 
construction provides face mounting by means 
of frame screws. Housings are furnished in 
opalescent blue (other colors on request). 

Holtzer-Cabot will adapt the winding type, 
characteristics and mechanical details of this motor 
to ensure optimum performance for specific 
applications. 





Frame Synchronous Induction NATIONAL PNEUMATIC CO., ENC. | 

1800 RPM 3600 RPM 1700 RPM 3400 RPM 125 Amory Street, Boston 19, Mass. 
3007 1/200 1/150 1/100 1/60 | GENTLEMEN: — Please send me data sheets 
3012 1/150 1/100 1/75 1/50 | on the new 3“-diameter frame HOLTZER- ; 
3018 1/100 1/60 1/50 | CABOT motor. | 


Mail coupon today for complete information 


NATIONAL PNEUMATIC CO., INC. **° HOLTZER- cABOT "m= pevesnegt, Naticsscricneeiteisstneenserneebet 


126 Amory St., Boston 19, Mass. 
Sales Service Representatives 
in Principal Cities throughout the World 
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SANBORN 


OSCILLOGRAPHIC 
RECORDING 


EQUIPMENT 


answers a 
broad range 
of recording 


problems 


1 


2-CHANNEL 


Par las 
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Te i 1 ee Od 


WIDE BAND DRIVER AMPLIFIER 
AND POWER SUPPLY 





THIS amplifier (Model 150-300/700) is designed for use 
with low power galvanometer elements (output +25 ma 
full scale into 100 ohm load), an oscilloscope and/or a panel 
meter, individually or simultaneously. Eleven plug-in type, 
interchangeable Preamplifiers are available for use with it, 
and include: AC-DC, Carrier, DC Coupling, Servo-Monitor, 
Log-Audio, Low Level, Input Network, AC Wattmeter, 
Frequency Deviation, Stabilized DC, and an RMS Volt/+ 
Ammeter. : 
Other available separate components include Recorder 
Assemblies from 1- to 8-channels, with chart speeds from 
0.25 to 100 mm/sec. 










A “component” application 


FOUR Model 67-300 DC Amplifiers and a Model 154-100 
four-channel Recorder Assembly are iategrated with other 
equipment aboard a “flying geophysical laboratory” by 
PSC Applied Research, Ltd. of Toronto to record data from 
dual frequency detector magnetic survey equipment and a 
radiation detector, plus elevation variations during flight. 
The simultaneous recording of all four provides valuable 
reference data when interpretations are being made. 


A Sanborn "150" system starts with a choice of an 8-, 
6-, 4-, 2- or 1-channel basic assembly, to which the 
user adds any combination of plug-in type Preamplifiers 
to meet the numerous and changing recording require- 
ments. Special 8-, 6-, 4-, and 2-channel systems are 
available for recording the output of analog computers, 
or other applications involving 1 volt cm sensitivity. 
Added to this application versatility and operating 
flexibility of Sanborn systems ore other advantages, 
such as inkless recording in true rectangular coordinates 
... high torque (200,000 dyne cm) galvanometer ... 
time and code marking . . . numerous chart speeds. 


Per a8 


Let Sanborn engineers help you solve your record- 
ing problems. Write for complete specifications 
and performance data on any Sanborn component 
or system. 


2-, 4-, 6-, 


8-CHANNEL 


ANALOG SANBORN 
— COMPAN Y 
INDUSTRIAL DIVISION 
CAMBRIDGE 29, MASSACHUSETTS 





or offset and also indicates degree of 
offset. West Instrument Corp., 4363 W. 
Montrose Ave., Chicago, Hl. 

No. 57, Reader Inquiry Serv 


DIPPED MICA CAPACITOR 


Dipped mica capacitor with parallel 
leads, Dur-Mica DM-20, has been de. 
veloped especially to meet humidity, 
temperature and electrical require- 
ments of MIL-C-5. It is available in 
capacities up to 5100 mmf at 300 
VDCW. Typical capacitance drift limits 
of the DM-20 capacitor after temper- 
ature excursion of 25 C to 85 C to 25 C 
to 55 C to 25 C from the lowest to 


6802+ 10% 





the highest capacities are said to show 
performance better than characteristi 
F limits. 

Performance characteristics of the 
capacitor in the lowest and highest ca- 
pacities are said to be better than the 
characteristic C limit throughout tem- 
perature ranges from —55 to 125 C, 

The parallel leads simplify applica- 
tion in transistor and subminiature 
electronic equipment including printed 
circuits. Dimensions of this phenolic- 
coated capacitor are *4 in. length, “4 
in. width and “4 in. thickness. The 
Electro-Motive Manufacturing Co., Inc., 
Willimantic, Conn. 

ircle No. 58, R« 


HIGH-FREQUENCY 
MOTOR-ALTERNATOR 

Series of high-frequency motor-alter- 
nators, converting from the nominal 
100-cycle three-phase line to — single: 
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CRUCIBLE PERMANENT MAGNETS 
provide maximum energy... minimum size 
In designing magnetrons for radar systems— _ or investment cast to the exact size, shape, 
lter- or any very high-frequency oscillator applica- tolerance and finish you need. 
inal tion — you can be sure of a consistently higher Crucible has been one of the largest pro- 
igle- energy product with Crucible alnico magnets. ducers of permanent magnets since the de- 
This means more power from a minimum size velopment of alnico alloys. Its unsurpassed 
magnet! magnet experience is backed by over 50 years 
Crucible alnico permanent magnets are _ of fine steelmaking. That’s why the best solu- 
made to meet practically any size requirement tion to magnet problems starts with a call to 
from a fraction of an ounce to several hundred Crucible. Crucible Steel Company of America, 
pounds. And they’re sand cast, shell molded Henry W. Oliver Building, Pittsburgh 22, Pa. 
| 
first name in special purpose steels 
Crucible Steel Company of America 
RING 
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EPOXY 


rtlso 


SOLID EPOXY 
COMPOUNDS 
for embedding 
electrical windings 
ond AIR DRYING 
AND BAKING 
EPOXIES for 
surface applications 


No. 3829 


EPOXY 


BAKING VARNISH 


Thermo Setting 


THE BORTHIG CHEMISTS have now pro- 
duced an ELECTRICAL INSULATING 
VARNISH using the EPOXY RESINS. 


NO. 3829 EPOXY BAKING VARNISH is 
a CLEAR THERMO SETTING BAKING 
VARNISH which requires no activator and 
cures entirely by heat induced polymeriza- 
tion. It fits into your present BAKING 
CYCLES. 


NO. 3829 has good stability in the dip tank 
and the cured film offers 100% longer heat 
life than the better grade CLASS B phe- 
nolics (at 155°C.) 


Laboratory tests show higher values for ad- 
hesion, wet and dry dielectric, bonding and 
corrosion resistance at higher temperatures. 
It is recommended for those motors and 
transformers that are made to meet tough 
conditions of operation. 

Detailed information available upon re- 
quest, write us or contact a Borthig Agent. 











phase power at 1150, 2350, or 4700 
cycles, consists of three models. Each 
is rated at 250 watts continuous-duty 
output. Model C-10A (illustrated) de- 


livers its output power at 2350 cps 


Model C-11A_ delivers an output 
frequency of 4700 eps. Model C-12A 
delivers its output at 1150 cps. 

In each model the motor portion 
operates from a_ standard 400-cycle, 
3-phase, 208-volt a-c line. All models 
are said to be characterized by good 
regulation with low internal reactance. 
low harmonic content, and absence of 
sliding contacts in the electric circuit. 

Units are suited for laboratory use 


in the design and development of 
magnetic amplifiers, power supplies, 
and other components and_ systems. 


Weight is 534 lb; overall dimensions 
are: length, 5% in.; diam, 3% in, 
D&R, Ltd., 402 East Gutierrez St.. 
P.O. Box 1500, Santa Barbara, Calif. 


Circle No. 59, Reader Inquiry Service Cards 
preceding back cover 


MIDGET D-C MOTOR WEIGHS 
3 OZ 


Self-governed, controlled-speed,  d-c 
electric motor, weighing less than 3 
oz, measures only 1-5/8 x 1-3/4 x 1-1/8 
in. Motor has a self-contained, non- 
power-wasting governing device and a 
speed of 1800 rpm. In use in a battery- 
operated portable radio-phonograph 
speed regulation is within 1 per cent 
from idling to full load and over a 
range of battery voltages from 6.4 to 





4.6 volts. Additional applications in- 
clude use in portable d-c tape and wire 


driven movie 
other devices. 

In the portable radio-phonograph 
application, the maximum current 
drain when playing standard 45 rpm 
records with an 8 gram needle pressure 
is 40 milliamp. Motor has a 3-pole 
armature, permanent-magnet field, and 
a zine die-cast body. Armature is shock- 
mounted in self-aligning 1/16-in.-diam 
lifetime lubricated bearings. The 
Kinder Co., Box 686, South Milwaukee, 
Wis. 


Circle No. 60, Reader Inquiry Service Cards 
preceding back cover 
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The new Streamcooled Baltric line of completely enclosed motors are champions, every one, 
all sinew and muscle . . . compact, powerful, efficient. Advanced engineering using the 
newest materials, enables Baltric to offer you hard-working power packages. 


These are tomorrow’s motors today! Greater efficiency with less 
weight and bulk . .. insulation is lighter and better. 


Built to NEMA standards, Baltric’s your best bet . . . doesn’t waste space .. . 
BESD-5 doesn’t waste weight . .. easier to handle and install. 





Exclusive One-piece Stator Frame 





Rotor Provides Improved Torque Characteristics 

ah Solid End Plates Completely Enclose Motor 
Base Design Permits Flexibility In Installing 
ent 

| Or Replacing 
pm 
ure , 
ole Original Streamcooled Motors Also Available — Built to Former NEMA Standards 
ind 
he ALL BALTRIC MOTORS TOTALLY ENCLOSED AND STREAMCOOLED 


am 
rh e 
ou ALDOR ELECTRIC COMPANY 


Baltric M 





4353 DUNCAN AVENUE e ST. LOUIS 10, MISSOURI 
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YOU'RE A LOT CLOSER TO SOLVING 
YOUR OVEN NEEDS WITH THIS 
“FACT BOOK’ AT YOUR FINGER TIPS 





Plant management and electrical engineers are constantly on 
the alert for “‘a better way” to reduce heat processing costs. 
Here’s a real helper! This new MOCO “Fact Book™ offers 
dozens of helpful basic ideas on ways to increase your oven 
efficiency. And—even more important—what to look for 
when you are planning to install or enlarge heat processing 
equipment. 


HERE ARE How industrial ovens are classified 
SOME e Work handling methods and sour 
TYPICAL product 
SUBJECTS e Considerations in choosing an oven 
DISCUSSED: 


e The importance of control panels 


You won’t want to be without this technical—vet easily read 
—handbook of basic oven concepts. 


lt is free for the asking from the Michigan Oven Company— 
manufacturers of ovens, and only ovens, for every electrical 
application. Write on your letterhead, please. 





MICHIGAN (()\V|}, N company 


415 Brainard, Detroit 1, Michigan 





DIFFERENTIAL EXPANSION 
THERMOSTAT 


Range of standard thermostat, Model 
A-1S-160, is from 35 to 600 F. The unit, 
which can be subjected to excessive 
high or low temperatures without dam. 
age, is capable of controlling tempera- 
tures to within +0.5 F in liquids and 
+1 F in air. The stainless steel sensing 
element measures 144 in. OD x 6 in. 
long. 

Control is obtained by the differen- 
tial expansion of a rod within a tube, 
actuating a snap-action switch rated at 
15 amp, 125-250 volts a-c. A lever is 





used to multiply the expansion of the 
tube and thereby increase the sensitiv- 
ity, decrease the size, and protect the 
switch. Switches with other ratings or 
with a manual reset button are avail- 
able and are interchangeable with 
standard switches. 

Unit, designed for local mounting, 
may be furnished with flange or 
threaded fittings. Thermostat case 
measures 1°, x 214 x 334 in. Burling 
Instrument Co., 16 River Rd., Chatham, 
N.J. 


No. 61, 


RESTRICTOR VALVES FOR 
3000-PSI HYDRAULIC SERVICE 


Series 1100 lightweight restrictor valves 
for 3000-psi hydraulic service are avail- 
able in either fixed two-way or fixed 
one-way types, with either internal or 
external threaded ends. The fixed two- 
way type, which provides precise flow 
metering in both directions, contains a 
fixed orifice in the center and 0.008-in. 
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oe NEW C/R OIL SEAL PREVENTS FRICTIONAL LOSS IN BODINE GEAR REDUCERS 


Minimizing tortional drag is essential for efficient transmission 
of power over a wide range of speeds. The specially developed 
C/R Oil Seal used on the output shaft of Bodine gear reducer 
Motors meets the requirements of this leading manufacturer 
for a long-life precision unit. This seal provides greater power 


VICE 


efficiency, requires no adjustment, assures positive sealing of 


valves the gear lubricant with the motor in any position. Of special 

avail- importance is the compactness of its Sirvene (synthetic rubber) 

fixed sealing member, which makes it possible to have positive, long- ; 

ial or life sealing where restricted axial housing space prevents the 7 a me = SS aie ~ # 
1 two- use of any standard type seal. For over 30 years, C/R Engi- 


> flow neers have made such applications a successful specialty . . . 
ains a solving all types of tough sealing problems encountered in the O; | yyar 
)08-in. industrial, automotive and equipment fields. Our Engineers 
would welcome the opportunity to be of assistance to you, too. 
We would like to send a copy of “C/R Perfect Oil Seals” as a 
get-acquainted gesture ... just write, we'll mail it promptly. More automobiles, farm and industrial machines rely 


on C/R Oil Seals than on any similar sealing device 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenue OIL SEAL DIVISION Chicago 22, Illinois 


IN CANADA: MANUFACTURED AND DISTRIBUTED BY SUPER OIL SEAL MFG. 





coO., LTD., HAMILTON, ONTARIO 
EXPORT SALES: GEON INTERNATIONAL CORP., GREAT NECK, NEW YORK 


Other C/R products 


SIRVENE: (Synthetic rubber) diaphragms, boots, gaskets and similar parts for critical operating conditions « Conpor: Controlled porosity 





oo 


mechanical leather packings and other sealing products « Sirvis: Mechanical leather boots, gaskets, packings and related products. 
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Do You Need This 


Fa Xda 


TO PRODUCE FINISHED WIRE LEADS 


@ measured and cut in 22 
to 45-ft. lengths? 


@ insulation stripped one or 
both ends to 812 in.? 


een 


@ up to 1800 pieces per hour 
in 10-ft. lengths? 


Completed Automatically on Artos Model CS-10 


Now you can get high production 
of insulated wire leads... accu- 
rately measured, cut in lengths up 
to 45 ft., and stripped at one or 
both ends. Leads are finished com- 
plete and collected in one fast, 


automatic cycle. 


This Artos machine will handle 
wire, cord and cable up to No. 10 
stranded or No. 12 solid. Con- 


sistently uniform results are ob- 
















Other Artos Machines 


The complete line of Artos auto- 
matic wire cutting and stripping 
machines will handle cut lengths 
from 1 in. to 60 ft., stripped lengths 
to 6\4 in. at one end and 8'4 in. 
at the other, wire from No. 12 to 
No. 000 gauge, and up to 3600 
pieces per hour. Ask for recom- 
mendations on your problems. 


2741 S. 28th St. * 
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tained without cutting strands or 


nicking solid wire. Insulation 
may be stripped from 2 in. up to 
8! in. at one end and 6) in. at 
the other. You can also slit parallel 
cord or remove the outer jacket on 
SJ appliance cords. 
Inexperienced help can handle 
an Artos without trouble. Set-ups 
are quickly changed for different 


cut lengths and stripped lengths. 


WRITE FOR BULLETIN 


Get the complete 










story—write now 
for Bulletin 40 
on the Artos 
Model CS-10, 


Milwaukee 46, Wis. 


mesh corrosion-resistant filters on either 
side. 

The fixed one-way type, which meters 
in the restricted flow direction and _per- 
mits full line flow at low pressure drop 
in the free flow direction, contains an 
orificed poppet with an integral filter. 
Poppets and interior parts in all models 
are corrosion-resistant. 

Series 1100 restrictors are available 
with either aluminum, stainless steel or 
special alloy bodies and with threaded 
ends for the following tube sizes: 14. 
32 and % in. Standard models have 
an ambient temperature range from 
—65 to 275 F. Aircraft Products Co. 
300 Church Rd., Bridgeport, Pa. 


Circle No. 62, Reader Inquiry Service rds 
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PLUG-IN SILICON 
RECTIFIER UNITS 


High-voltage, high-current miniature 
silicon power rectifier units can be 
used instead of conventional rectifier 


vacuum tubes. Input and output volt- 
ages are the same; the plug-in units 
however, require no filament voltage. 

The plug-in units are said to have 
infinite life and function efficiently 
under conditions of high ambient temp- 





They withstand effects of 
shock and vibration. Applications in- 
clude service in industrial, control units, 
magnetic amplifiers, and 
counter circuits and voltage regulators, 
airborne and military 
electronics equipment. Bogue Electric 


eratures. 


computer 


as well as in 


Manufacturing Co.. 52 Towa Ave.. 
Paterson 3, N. J. 
Inquiry Service Cards 
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CREPE PAPER ELECTRICAL 
INSULATING TAPE 


Crepe paper insulating tape for wind: 
ing field coils of  fractional-horse- 
power motors, generators 
and similar components, is made from 


low-voltage 


high-density, electrical-grade kraft with 
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4 COST 
: / 
iture | i SAVE DOLLARS ON INITIAL COSTS 
1 be With 9 magnetic starters to select from you won't have 
tifter I to throw away money on expensive starters that are too 
volt- F large for the job. You save on one or a dozen starters... 
units ie up to 25% in starter costs. For proof, compare prices of 
ris i / the Furnas Electric series YE starters with average size 2. 
ave 16 4 
ently i i CONSERVE VALUABLE SPACE 
emp- i. Furnas Electric makes more stock sizes of starters in the 
; 1-50 hp range than any other control manufacturer. By 
selecting the exact size starter for your service require- 
ments you'll pick a starter that is more compact. Ona 
10 hp application, for example, you would select a type 
YE starter instead of the size 2 starter that is about 40% 
larger. 
MATCH YOUR STARTER TO THE JOB 
Many in-between sizes in the broad Furnas Electric starter 
line will help meet most of the full range of your control 
requirements. Now you can pick a motor control that is 
best suited for the particular service conditions . . . with 
no wasted capacity. 
DRUM CONTROLLERS... 
: a thousand styles from 1 to 10 hp, 
| 110-550 volts. Models available Furnas Electric Company offers over 2700 
with thermal overload protection. items of motor control. Included are Foot 
. of Switches, Master Switches, Limit Switches, 
sa control panels and other special controls for 
— all industries. 
an 
ators, PRESSURE SWITCHES . . . = ale ae i 
litary 1 to 5 hp, 110-550 volts, for YX CL We KAA A 
ectric | automatic control of motors on air / Y 
Ave.. compressors and water systems. 
| Field-proven for long life ond os tinea 
os durability. Write to Furnas Electric Company, 
1024 McKee Street, Batavia, Illinois 
oe a 
L FURNAS ELECT 
wind COMPAN 
horse: , A SS 
ator (es BATAVIA, 
. from | ic eee, aS ase 
it with | | SALES REPRESENTATIVES IN ALL 
‘TURING 
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STOCK "PLASTIC PARTS 


Plastic Parts from Aico’s Stock Molds 
offer custom-styling at mass production 
cost. Aico’s new catalog of stock plastic 
moldings gives full descriptions includ- 
ing critical dimensions of commonly 
used parts. If you are considering new 
products, plan now to use Aico Stock 


_—— “eee, 


: Over 125 © 


KNOBS - HANDLE 


\ s 
: APPLIANCE PARTS 


iil 

































N : N Plastic Parts wherever possible for 
\N ELECTRICAL \ positive cost reduction. 
: FITTINGS 


es Soe pair 


and many others 
to choose from 


Lee) 


finest name 


N FOR YOUR FREE COPY 
in molded 
eller sila] 


A WWW MAIL THIS COUPON TO : ie 
MERICAN INSULATOR corporario 


NEW FREEDOM, PA. 


Ve 
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Plastics 
includes 
Mold 
Com- 


Aico’s Complete 
Molding Service 
Engineering Counsel, 
Making, Injection, 


Send AICO’S NEW STOCK PLASTIC PARTS CATALOG TO: 


pression, Transfer and Cold Name 

Molding plus the Molding : 

f Fiberglas Reinforced Title 
Company 


Address 
City 







manufacture 


MANY PRODUCTS ARE BETTER BECAUSE OF AICO MOLDED PLASTICS 


SINCE 


1916... 


26 1 * 





1250-1500 volts. 
applications it is 


rating of 


a dielectric 
said to 
without 


In some 
insulation 
baking. 

tape is creped to give it a 50 
stretch. 
fit around 


provide sufficient 
varnishing and 

The 
per cent resulting in a snug 
leads: 


repol ted to 


coil corners and 


from. voids 


than 


grounds are 


be fewer with less _ elastic 


materials. Possessing a tensile 
of 54 Ib 
available in 
plain or 


strength 


on a | in. strip. tape is 


standard widths. either 
oil 
It can be applied on standard 
Manu- 


Mass. 


impregnated with a wax 
solution. 
taping machines. Dennison 
facturing Co.. Framingham, 


No. 64, R: 


SINGLE-SECTION CARD-TYPE 
RESISTORS 


Single-section. card-type, precision 
Davohm Series 1300, 


and 


resistor. is wafer- 


thin designed for application 
where there is a lack of space for con- 
round precision wirewound 
The encapsulated resistor is 


adaptable 


\\\\ 


ventional 
resistors 
circuits 


\ 


especially for using 








transistors. in guided missiles and air- 


borne communication and navigation 
equipment. 

On values up to 100.000 ohms, Series 
1300 card 
if2 & 1/2 -% 3/Se in. 4mick: 
100.000 ohms to | megohm, the 
5 8 x 3/32 in. thick. 
trom 55 to 


on each section 


resistor is 
On values 


single-section. 
from 
card is > 8 xX 
Operating temperature: 
125 C. Wattage rating 
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Here's a new relay line from 

Leach, the company known for 

tackling the “tough” relay jobs 
.and making them work. 
This new relay line is built for 





sits. 
to 
out 


heavy-duty industrial use. 
Primary applications are for 


across-the-line motor starting and 

50 

nug 

ids; 
to 

istic 


control of heating and refrigera- 
tion equipment. Carrying full 
UL approval, the new relays are 


veth safe and dependable, offer an 


. unusual combination of large 
ther | 

oil 
lard 
anu- 


current-carrying capacity and 


CURRENT 
CAPACITY 


small size. They operate quietly, 
have low coil-power demands, 
and the screw terminal connec- 
tions make assembly-line 
installation a simple operation. 
PE 


sion 
afer- 
ation 
con- 
ound 
or is 


co 
ising 


UL APPROVED RATINGS 


contact arrangement 
(normally open) 
operating voltages 12, 24, 115, 12, 24, 115, 12, 24, 115, 
(50/60 cycles) and 230 V and 230 V and 230 V 
contact load rating: 
full load 30 amps 20 amps 20 amps 
stalled rotor 180 amps 114 amps 114 amps 
motor load rating: 
115 VAC single phase 2 HP 14 HP 14% HP 
230 VAC single phase 3 HP 3 HP 3 HP 
230 VAC three phase 7% HP ; 
dimensions: 2742 3x 3% 1% x 17% x 3%, 15/,x 1% x3 


or 1s 


WRITE TODAY for complete information on this new group. They can be 
: the perfect solution to some of your “special” industrial relay problems. 

d air- 

ration 

. LEACH CORPORATION | LEACH RELAY DIVISION 


5915 AVALON BOULEVARD, LOS ANGELES 3, CALIF. 


| 
values | LEACH RELAY DIVISION 
n, the | SERVING INDUSTRY IN THE LABORATORY—IN THE PLANT—ON THE GROUND-—IN THE AIR 
thick. | INET-PALMER DIVISION | 
55 to j | DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
») 
ection 
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kind of material, any 
finish . . . designed fo 


purpose ... utilizing more than 


22,000 Sets of Dies. 


Let us Quote on Your Needs. 


WROUGHT WASHER mre. 


THE WORLD’S LA 
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Serving 
INDUSTRY 
since 1887 


STAMPINGS 


Standard and Special Washers, 
of every description, from every 


Davohm Series 850 
Metal Film Resistor 


Perfect compromise between precision wire wound—and composition types 


This new precision film type resistor is hermetically sealed, 
highly stable, and has a temperature coefficient independ- 
ent of resistance value. The Davohm Series 850 is available 
in 1/2, 1 and 2 watt sizes; to tolerances of +1.0%, 
+0.5%, +0.25%; and, to any desired value. 















MIL-R-10509A Series 850 
ALLOWABLE CHANGE | TYPICAL CHANGE 











Temperature Cycling 


















Low Temperature Exposure | 0.06% 
Short Time Overload 0.5% | 0.02% i 
Effect of Soldering 0.5% 0.02% 
Moisture Resistance 5.0% 0.08% 7 
Voltage Coefficient 0.00% 
Load-Life (per 1000 hours) 0.20% 
Temperature Coefficient (PPM /°C) +370 420 


Write for complete data. 


Available Through: THE DAVEN ELECTRONIC SALES CORP. 
Associated with: 


.) and 


desired 
r every 


RGEST PRODUCER OF 


«« DA VEN -. 176 Central Ave. 
Newark 4, N. J. 


0 

a 
co 
WASHERS 
2200 SOUTH BAY STREET e MILWAUKEE 7, WISCONSIN 


»WORLD’S LARGEST MANUFACTURER OF ATTENUATORS 


is 0.6 watt; standard tolerance js 
+ 1.0 per cent. However, accuracies 
of + 0.1 per cent can be obtained. 

In addition, multisection, card-type 
are available with approxi- 
mately 20,000 ohms as maximum value 
per section. The Daven Electronic 
Sales Corp.. 191 Central Ave.. Newark 
4, N. J. 

Circle No. 65, Ré« er Juiry Service 


resistors 


SILICON RECTIFIERS 

WITH HIGH POWER RATING 
Silicon rectifiers capable of handling up 
kilowatts of include 
diodes having a typical forward voltage 


to several power! 
drop of only 0.7 volt at a current of 
8 amp and a cell temperature of 190 ¢ 
When mounted in a finned case | in 
high and 11% in. in diam, this unit has 


/ 


, 
4 ’ 
' A 
. 
bene 
1 
= 
~ 
J 
Faro 





a rating of 15 amp at 200 volts peak 
inverse (this is with natural convection 
cooling in a 65 C ambient). 

Four voltage classifications are pres 
ently available: 50, 100, 150 and 200 
volts. They forward current 
rating of 8 amp with natural convection 
cooling at 25 C. Higher current ratings 
up to 40 amp can be achieved with 
forced cooling. 


have a 


Applications include magnetic ampli- 
fiers, rotating rectifiers on the shafts 
of brushless generators, welders, and 
power packs. Semiconductor Dept. 
Westinghouse Electric Corp.., 356 Collins 
Ave., Pittsburgh 6, Pa. 

Circle No. 66, Ré 


er Inquiry 
back cover 


SOLENOID VALVES FOR FOOD, 
INDUSTRIAL EQUIPMENT 


Engineered for use in 
drug processing equipment, food vend: 
ing machines, and general industrial 
equipment, Floating Seal 


chemical and 


st rlenoid 


| 


| 


j 


{ 
t 
' 
; 


; 


valves feature minimum pressure drop. | 


straight-through flow, 100 cent 


efficient seal in either direction, and 4 


per 
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YOU’LL LIKE IT, AS DOES 
: American supplies Whirlpool Corporation, St. Joseph, Mich., 
with felt for its dryers. The Imperial model shown here 
al uses plain felt as a seal at the loading port. At the 
P - exhaust, where the air is hot and full of moisture, the felt 
ction is blended with Hycar, which provides moisture resistance. 
The dryer drum rotates at 45 r.p.m., and the felt seals 
pres- effectively keep heated air and moisture out of the cabinet, 
1 200 and heated air in the drum at somewhat less than atmos- 
irrent pheric pressure during operation. The seals are supplied as 
ection sewn rings, ready for fast, economical installation. 
atings This is an outstanding example of thorough engineering 
with 


applied to an application of felt. American will be glad to 
collaborate with you on the use of felt on your present or 
ampli. proposed products. 
shafts 

and 
Dept.. 


Collins 






American felt 
Company 


MARK ® 





“Whirlpool Corporation has 
OOD, | used felt products for some 
' time. At present they are used on our new high-speed 
dryer as well as our conventional dryer. Felt is 
satisfactory as to pressure or vacuum, and it is giving 
satisfactory service as to temperature resistance. 


al and | 





i vend: | “The particular type of felt which we are buying is 

lustrial much more satisfactory than anything previously used, 

plenoid including other materials. This is because of the GENERAL OFFICES: 16 GLENVILLE ROAD, GLENVILLE, CONN. 

resiliency of the material, whieh is designed inherently 

p drop. | to flex back into its original position.” SALES OFFICES: New York, Boston, Chicago, Detroit, Cleveland, Rochester, Philadelphio, 
ent St. Lovis, Atlanta, Dallas, San Francisco, Los Angeles, Portland, Seattle, Montreal. — 

, & PLANTS: Glenville, Conn.; Franklin, Mass.; Newburgh, N. Y.; Detroit, Mich.; Westerly, 

and a R. L—ENGINEERING AND RESEARCH LABORATORIES: Glenville, Conn. 
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do-it-yourself 















Xr 


The above statement won't lift the eyebrows of elec- 
tronic equipment manufacturers. They know the pro- 
curement, engineering and production difficulties 
involved in making their own cable assemblies and 
harnesses. 

Fortunately, there is a solution. 

AMPHENOL can assume the various problems of 
procurement, engineering and production — 
AMPHENOL can make cable assemblies and harnesses 
more efficiently, 















more inexpensively than com- 
panies geared only to equipment manufacturing 

Why? 

AMPHENOL solves the procurement problem 
because AMPHENOL manufactures the majority of 
assembly and harness components. Connectors, 
sockets, plugs, cable—all are instantly at hand. 

The Engineering Department at AMPHENOL 

needs no introduction to the electronics indus- 

try. Their skills and capacities are well known. 
Finally, 
sembly production is employee experience. 
Working in AMPHENOL’s most modern plant, 









the key to fast, economical cable as- 












highly trained employees practice their com- 
plex trade with skill and assurance. 

For any size cable assembly or harness— 
turn to AMPHENOL for assistance! 
















AMERICAN PHENOLIC CORPORATION 


chicago 50, il 





linois 








In Canada: AMPHENOL CANADA LIMITED 





Toron to 


| self-cleaning. 


|contents during 


self-lapping floating seal. 


Series V-2700 valves feature a com- 


pletely sanitary design, free from | 
blind holes, internal threads, and 90- 


deg angles. It can be 


'seconds without any tools. 


disassembled in | 


External fittings are an_ integral 
part of the valve. with the interior 


Flow 
A transparent see- 
permits observation of 


surface serving as the valve seat. 
is straight-through. 
through body 


valve in action. Valve is available with 
or without metering. Valcor  Engi- 
neering Corp., Carnegie Ave. Kenil- 


worth, N. J. 
No. 67, 


OBSERVATION-LIGHT 
CONDULET 

Designed to light the interior of metal 
tanks and kettles. Type \ 
light condulet permits visual inspection 
through 


observation 


windows of food 
Its heat: 
eliminates break- 


observation 
processing. 
resisting glass globe 


age, and food loss from glass particles. 


The observation light is 
vapor cannot enter the 


vaportight; 
conduit system 





even when the is removed. For 


globe 


use with 50-, 60-. 75 


»-. or LOO-watt lamps. 
the flanged globe is furnished with an 
gasket that seats in_ the 
mounting ring, the 
the fixture. 
the globe 


asbestos 
supporting unit ol 
A clamping ring secures 
tightly to the mounting ring. 
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TURING 


For the most dependable printed circuits, you need 
the high bond strength, workability, heat-resistance 


of G-D-F DILECTO METAL-CLAD LAMINATES 


= HIGH BOND STRENGTH —C-D-PF’s special adhesive for metal- 
| clad Dilecto bonds the copper foil to the plastic without affecting 
the laminate’s superior electrical properties. Heat-resistance, dissi- 
pation factor, dielectric constant, dielectric strength, and insulation 
resistance of the Dilecto base remain unaffected. The closely- 
bonded foil can be etched cleanly and dipped in hot solder to 
220°C. (428°F.) for ten seconds with a guarantee of no blistering 
or separating. Metal-Clad Dilecto can be punched or machined 
either before or after etching. 


SRARRRRRRA 


EXCELLENT WORKABILITY —On all five Dilecto metal-clad 
grades, you can solder, punch, saw, and assemble components 
either by hand or automatically. Thanks to the inherently superior 
workability of the plastics laminate over that of ceramic-type 
materials, Dilecto can be dropped, jammed into tight chassis, and 
otherwise treated roughly on the assembly line and in service. 


HIGH HEAT-RESISTANCE—Metal-Clad Dilecto Laminates are 
made of phenolic, epoxy, or Teflon* resin for various conditions 
of service and assembly, and have either cellulosic paper or woven 
glass-fabric base. All are ideally suited to printed-circuit applica- 
tions in which heat-dissipation is a major problem. Continuous 
exposure to high ambient operating temperatures in enclosed elec- 
tronic equipment has no significant effects on Dilecto’s electrical 
and physical properties. 


UNLOAD YOUR HEADACHE HERE! C-D-F, a big, reliable 
source of supply, can help you get the most for your printed-circuit 
money by reducing rejects, lowering fabrication costs, assuring 





Printed circuits based on C-D-F materials are being used 
with great success in military electronic equipment, commer- 
cial television and radio sets, telephone switchboards—even 
sub-miniature radiosonde equipment and hearing aids. 


dependable quality every time. Send us your print or problem, and 
we'll gladly supply appropriate test samples free. See our catalog 
in the Product Design File (Sweet's) or send for the new 20-page 
Dilecto catalog. Let your nearby C-D-F sales engineer (listed in 


Photos courtesy of Photocircuits, Inc., Glen Cove, N. Y. 


Sweet’s) help you right from the design stage! 











TYPICAL PROPERTY VALUES 


Copper-Clad ~ Copper-Clad Copper-Clad 
PHENOLIC PHENOLIC EPOXY 
(Grade XXXP-26) | (Grade XXXP-24) | (Grade GB-116E) _ 


— Tr 





Copper-Clad 
TEFLON* 
(Grade GB-116T) 


Copper-Clad | 
|” EPOXY | 
| (Grade GB-1816) | 









BOND STRENGTH—0.0014” foil T 
(Lbs. reqd. to separate 1” 5 to8 5 to 8 8 to 12 8 to 12 5 to8 
width of foil from laminate) | 
MAXIMUM CONTINUOUS | | eee 
OPERATING TEMP. (Deg. C.) 120 120 | 150 | 150 | 200 
DIELECTRIC STRENGTH | : 
(Maximum voltage per mil.) 00 a0 ” = | ” 
INSULATION RESISTANCE (Megohms) | | | : J 
96 hrs. at 35°C. & 90% RH 50,000 50,000 30,000 20,000 | Over i06 nga 
DIELECTRIC CONSTANT 10é Cycles 4.20 4.20 | 4.90 | 4.95 2.85 
DISSIPATION FACTOR 106 Cycles 0.026 | 0.026 | 0.019 | 0.018 | 0.0006 
_ARC-RESISTANCE (Seconds) 10 | 10 60 80 180 iy 
TENSILE STRENGTH (psi.) | 16,000 x 13,000 | 14,000x 11,000 | 46,000 x 42,000 | 48,000 x 44,000 | 23,000 x 21,000 
“FLEXURAL STRENGTH (psi.) 21,000 x 18,000 | 19,000 x 16,000 | 60,000 x 55,000 | 75,000 x 65,000 13,000 x 11,000 
IZOD IMPACT STRENGTH edgewise | | ae 
i fhe: gar lack of aoc 0.40x0.35 | 0.40x 0.35 6.5 x 6.0 | 135x115 | 6.0 x 5.0 
| | | | - 
oy RESSIVE STRENGTH flatwise 28,000 27,000 | 60,000 62,000 | 20,000 
: Fine-weave, | Medium-weave, | Fine-weave, 
BASE MATERIAL OF LAMINATE Cotton rag paper | Cotton rag paper medium-weight medium-weight | medium-weight 
| glass cloth =| _—_glass cloth glass cloth 
COLOR OF UNCLAD LAMINATE Natural greenish | Natural Brown Natural | Natural =| ~—S Natural 








All these standard grades are available with 0.0014’, 0.0028”, 0. 0042”, or thicker electrolytic or rolled copper foil 
on one or both surfaces. Other metal foils and other resin-and-base combinations can be supplied on special order. 
*duPont Trademark 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC. 
NEWARK 13, DELAWARE 


READER INQUMKY SERVICE © ARDS, PRECEDING BACK COVER 


269 











PRECISION 
MOLDING 
ee: +) hear 


410 


ABSOLUTE 


DIMENSIONAL 
aw 0 ee 









IBM chooses Mycalex 410 glass-bonded mica 
for 200 critical parts in each drum assembly of the 
new Type 650 Magnetic Drum Data Processing 
Machine because this combination of precision 
molding and dimensional stability is essential 

for the accurate reading, under varying conditions, 
6f up to 20,000 digits of stored data. 


slate) argest manufacturer 


And these other properties too, have helped Pe ere 
make Mycalex world-famous as “the most nearly MYCALE 
perfect insulation”: CORPORATION 
OF AMERICA 






> withstands extreme operating temperatures 


. Executive offices 
> offers total arc resistance a ee naa 
> possesses low loss and power factors New York 20, N. Y 


> is moldable with tight inserts SINCE 1919 


Write today for information concerning your 
particular insulation problem. Address inquiries to 
General Offices and Plant: Dept. 116, 

P.0. Box 311, Clifton, New Jersey. 





THE INSULATOR 
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The mounting ring is provided with 
rivet holes for insertion in the tank, 
or may be welded or brazed to the tank, 
The condulet body. with threaded hub 
and composition lamp receptacle, is at- 
tached by two thumbscrews to the 
globe clamping ring. The unit must be 
connected by flexible cord, conduit or 
couplings so the body can be removed 
for relamping. Crouse-Hinds Co.. Wolfe 
and Seventh North Sts.. Syracuse. N. Y, 

No. 68, Reader f 


EIGHT-POSITION ROTARY 
SWITCH 


Choice of detent action or snap action 
in a multiple, retary selector switch is 
afforded by models in the JD-JS line. 
Designed for tap, transfer, or selector 
applications. the switches are rated 
at 30 amp, 230 volts a-c, and can be 
furnished with up to five poles. 

In the JD type. with positive detent 
action, rotor movement can be limited 
to any number of positions up to 
eight. with or without an Off position; 
or the switch can have unlimited rotor 
movement in both directions. 

in the JS_ type. coiled-spring 
mechanism provides snap-action make 





and break. This switch is available 
with unlimited rotation in — both 
directions, utilizing the full — eight 
positions. Action can also be limited 
to two, three, four, or five positions. 

Switches have nonshorting — knife- 
blade contacts wholly enclosed in 
molded phenolic disks. Screw terminals 
are provided for feeder and load con 
tacts. Operating shafts are insulated. 
Units mount back of panel by four 
14 in.-20 screws evenly spaced on a 
3-7/32 in. diam bolt circle. Required 
panel area, including clearance, 18 
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To meet the widely different requirements 

of our customers, we work with 17 basic types, from 
which we have so far developed 721 combinations. 
19 years of successfully “timing” these 

customers has equipped us with a breadth of 
practical experience that you can draw on. 





The timers we manufacture comprise a complete line 


 - =a . 
ree 


in 4 broad classifications. 


TIME DELAY TIMERS ¢ INTERVAL TIMERS 
RE-CYCLING TIMERS + RUNNING TIME METERS 


™ 
a 


That's why you can depend on us to meet your needs. If we 
can't do it with one of the 721 combinations already developed, 


we'll have our engineers get on it at once and develop the 

ailable 
both 
eight 


combination that's right for you. 
Our deliveries are extra good because we maintain large 





limited stocks of our 17 basic types, and even if your order is very “special” 
sitions. you'll be more than satisfied with our service. Send us your 


knife- specifications; you'll get a prompt repl 
ed in P 1” g P P sia Running Time Meters 


minals 
d con- 
ulated. 
vy four 


Timers that Control TIMER | INDUSTRIAL TIMER CORPORATION 


on F the Pulse Beat of Industry : Reet ee. OS ee ee, ee 
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contained within a 4-in. circle. Electro 
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Switch Corp., 167 King Ave., Wey. 
mouth 88, Mass. 
All Primary Windings for 115 Volts, 50-60 cycles Circle No. 69, Reader 
Catalog Secondary Secondary Capacity 
Number Volts Amps. V-A 
NCF-650 
‘ | ti NCF-825 25 LAMP SWIVEL 
NCF-850 30 Heavy-duty all-purpose lamp swivel 
Uae AND NCF-1625 25 has 180-deg movement in the head and 
NCF-1650 50 360 deg in the base. It comes with 
PUA : 
NCF-2450 50 
TUNG OeE scr i 
NCF-24100 100 
NCF-24150 150 
NCF-3250 50 
NCF-3275 75 
NCF-32100 100 
NCF-32150 150 
NCF-1550 50 
NCF-1775 50 





POWER -CIRCUIT TRANSFORMERS 


Y to 10 VKA, for use with Conduit Wiring. 





Catalog 
Number 


PCB-24500 


KVA 
Capacity 


Primary 
Volts 


230/460 


Secondary 
Volts 


115 

















TYPE NCF, PCF 


female 


male or 


either 4 or 4 in. 














PCB-24750 230/460 115 .750 ; 

PCB-241M | 230/460 115/230 10 | connections on both ends. Improved 
. pcB-242M5 | 230/460 | 115/230 25 | cut thread assures lock-tight assembly. 

°CB-245M 230/460 115/230 50 | Camp Aircraft Parts, Inc.., 1133-1139 
; PCB-247M5 | 230/460 | 115/230 7.5 mtarer Eigueey, Nowek 2, 5. @ 

PCB-2410M | 230/460 | 115/230 | 10.0 ee Ee eae ? 


POWER CIRCUIT TRANSFORMERS 


25 to 250 va. capacity, for In-Compartment Wiring. 





TRANSPARENT, DIMENSION- 
ALLY STABLE FILM FOR 


Catalog Primary Secondary Secondary Capacity PRINTED-CIRCUIT MASTERS 
soni ae co —- ssa ( ii rent, dimensionally stable re 
ansparent, ¢ =nsion: stable re- 
PCF-2025 | 230 a 











POWER CIRCUIT TRANSFORMERS 
FREE CATALOG describ- 


ing the full line of 

CHICAGO transformers 

for industrial use is 

available from your 
o 










CHICAGO STANDARD TRANSFORMER CORPORATION 


CHICAGO 18, ILLINOIS 


ADDISON AND ELSTON 


PCC-24100 
PCC-4100SP 
PCC-24150 

PCC-24250 


PCF-2050 
PCF-24075 
: PCF-24100 
PCF-24150 
PCF-24250 


Catalog 
Number 


| 230/460 


230 
230/460 
230/460 
230/460 
230/460 


Primary 
Volts 


230/460 
460 
230/460 


aa Le | 





50 
72 
100 
150 
250 














Mounted on rectangular covers that fit standard FS and 
FD conduit boxes. 


Secondary Secondary Capacity 
Amps. V-A 


Volts 








100 
150 






ew York 13, N.Y 


production material, Stabilene film, has 
such additional features as _fiber-free 
drawing surface, flexibility, and initial 
tear strength that also make it suitable 
for master use in printed-circuit and 
wiring design. 

Developed from a polyester film with 
high tensile strength, good impact re 
sistance and longer flex life, Stabilene 
film is made with several forms of sur 
face translucent surface 
that will accept pen and ink drawings. 
a scribe coat for scribing, and 3 
variety of light-sensitive solutions, in 
cluding blueprint, brownprint, dry 
diazo (Helios), and moist diazo (On 
yx). Dimensional stability insures exact 
register. 

The film has a base material thick 
ness of between 0.005 in. and 0.0075 in. 
The pencil and ink surfaces or the 
scribe coat adds approximately 0.0005 
in. Stabilene film is shipped in sizes 
to order and in rolls 20 yd long ané 
36x43 in. wide. It is flexible enough 


coatings: a 
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“Phantom” control cone, with three ‘‘no tolerance” 
chucking surfaces, establishes precision 





In the raw casting three equidistant chucking surfaces 
are established by the Doehler-Jarvis die. Their centers 
are located on a circle concentric with and exactly 
perpendicular to the shaft. The plane thus established 
forms the base of a “phantom” control cone (see illus- 
tration) whose apex is at the small bearing bore. 

From this cone as a reference, all center lines and 
true surfaces throughout the piece are established. All 
machining setups, too, are based upon it. 

At the Doehler-Jarvis plant, great care is taken to 
hold the chucking surfaces true. Aside from very slight 
variations in cooling, no tolerance is allowed. As a result, 
York machining proceeds smoothly with minimum re- 
jects at every stage. What’s more, the resulting pre- 
cision insures long wearing bearings, long life pistons 
and cylinders. 


SW ivel 
d and 
; with 








female 

proved 

embly, 

3-1139 

N. J. 
“more compact through die castin 
s us q g 

yle re 

m, has . . . . . . . . 
er-free die for three “no-tolerance” chuck- __ tioners without going overboard on equipment, industrial machines, and 
initial ing surfaces on the raw casting... _ finished inventory.” many other similar products made 
uitable precisely located with respect to the : better with die castings. 
it and front bearing bore.) Come back to the things you want . 

to do for your own product... may- So, if you are engineering a new 
m with This expert product engineering be Doehler-Jarviscould help youdo product or improving the one you 
act re team went on to develop for other them with die castings. We’ve done have, call in Doehler-Jarvis. With 
abilene sizes other integrated die cast hous- _it for scores of manufacturers, large more than fifty years experience be- 
of sur- ings, and the connecting rods, pis- andsmall—includingmakersofhome _ hind us, we may be able to contrib- 
surface tons, main bearings, and oil slinger appliances, office and public utilities ute in many ways. 
aoe rings. These compressors are light, 
paca compact and highly efficient. They 
, e can be produced quickly and easily. 
O (On- 
s exact “Cannot be matched for 
a low cost,”’ York says 

| thick: | 3 bet J @ Di ee 
ca “What’s more, because the parts can oe er= i | rvis iViSION 

. 7 be die cast in a hurry... and because 

0.0005 ; : ~ 
alae Doehler-Jarvis never fails us on de- . 
a a livery ... we stay flexible. We're able National Lead Com pany 
enough to meet peak demands for air condi- General Offices: Toledo 1, Ohio 
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Vour Best 


Thickness Nominal _ 


inches Size 
Vs 12x12 
% 18x18 
ource $ Ye 24x24 


3% 36x36" 
Va 48 x 48* 
Ve 
Y2 & Up 
* Can be furnished 
in Y2 sheets 





HERE’S WHY: You can DIAMETER INCHES 


order in quantity and in Ms a 
Vb / 

a wide variety of sizes— Ye 
p % 1% 

and be certain of complete| \, 1% 

> . 9 1” 

uniformity throughout. Se OMe 
Our strict density control “ 2 

VY 2 4 

assures you thoroughly 2% 
3 


non-porous Teflon— 

free from any flaws which TU BI iN G 
might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 
tolerances—no rejects, 


Other diometers 
on specification 


TYPICAL SIZES 


INCHES 
waste of material or loss eee B. 
of time. You get product - .. 
purity —Teflon at its 2 44 
best in every one of its 1% | 

22 Yr 


remarkable characteristics. 
Delivery is prompt— you 
get the quantity you 


3 1% 





Characteristics of Teflon 


. CHEMICAL 
want when you want it. Completely inert. 
Since the availability of ELECTRICAL 


Very high dielectric strength. 

Extremely low power factor. 
THERMAL 

Temperature range 

~300° to +500° F. 


Tefion, “John Crane’”’ 
engineers have worked 
with Industry to successfully 


Ive j bl bl q MECHANICAL 
solve innumerable probiems an Strong, flexible, weather 
develop new applications. You can resistant. 


LOW COEFFICIENT OF FRICTION 


benefit from their experience Absolutely non-stick. 


and know-how. 


* DuPont Trademark 








Request full information and ask for our bulletin, *‘The Best in 
Teflon.” Crane Packing Co., 1824 Cuyler Ave., Chicago 13, ill. 
In Canada. Crane Packing Co., Ltd., 

617 Parkdale Avenue, N., Hamilton, Ont. 


CRANE PACKING COMPANY 





6 


tor easy handling, shipping and_ stor- 
ing. Keuffel & Esser Co., 300 Adams 
St.. Hoboken, N. J. 


No. 71, Re 


DIRECT-READING 
MOTOR CALCULATOR 


Single setting of a direct-reading moto 
calculator replaces seven operations re- 
quired with a conventional slide rule. 
\ single setting for any relationship of 
speed vs torque, gives equivalent watts 





output and horsepower in decimal and 
common fractions; also, the per cent 
efficiency for any value of watts input. 
The circular motor calculator makes it 
possible to visualize the relationships 
between values; where alternative oper- 
ating values are possible the best engi- 
neering compromise can be selected by 
inspection. 

Model FR7 range from 
2000 to lo hp. Other horsepower range 
models are available. Calculator is 
printed in vinylite in 654 in. width with 


covers a 
1 


7 in. length cycles for torque and 
speed. Engineering Devices Co., P. O. 


Box 7741, Chicago 80, 


Il. 
No. 72, Reader ry Ser 


HIGH-SPEED REPRODUCTION 
MACHINE WITH 
ELECTRONIC DRIVE 


Designed for heavy-volume use, high- 
speed direct reproduction machine, 
Copyflex Model 500, offers a wide speed 
range and improved print stacking fea- 
tures. Equipped with a 400-watt quartz 
eposure lamp, Model 500 reproduces 
prints up to 46-in. wide and any length 
at speeds from 14 in. to 40 fmp. Addi- 
tional feature is a fully synchronized 
electronic drive that utilizes 100,000-hr 
life-rated selenium rectifiers in place 
of tubes. Machine requires a 200-230 
volt, single phase, 60 cycle, a-c supply. 
Dimensions: 6814 in. wide x 58 in. deep 
x 711% in. high. 

Other advantages include a 24 x 42 in. 
front delivery 30 x 42 in. 


tray. a rear 
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RING 


SPECIFY... 


PYLETS 











Second to none for... 


SAFETY: Explosion-proof and dust-tight PYLETS 
exceed code requirements and provide max- 
imum protection for personnel and _ property 
against fire and explosion. 


ECONOMY: PYLETS are designed for quick, 
easy installation and convenient maintenance. 
Rugged construction insures a long service life. 


e TAPER TAPPED HUBS 

e SMOOTH, ROOMY INTERIORS 
e QUICK ACTING JOINTS 

e DEPENDABLE MECHANISMS 

e ALUMINUM ALLOY OR HEAVY 


CADMIUM PLATED 
FERROUS ALLOY CASTINGS 


THE PYLE-NATIONAL COMPANY 


WHERE QUALITY IS TRADITIONAL 
1388 North Kostner Avenue, Chicago 51, Illinois 


District Offices and Representatives in Principal Cities of the United States - Canadian Agent: The Holden Co., Ltd., Montreal 
Export Department: International Railway Supply Co., 30 Church St., New York 











CIRCUIT CONTROLS*PLUGS AND RECEPTACLESeLIGHTING FIXTURES* FLOODLIGHTS 
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eT 
Capacitors 


\P ONAL 


For Air Conditioning, Refrigeration, Fan Mofors, etc. 


With Quick-Connec s 


baat i es _ 


Tm sci) 
O72 ae 


With Fork 
ey mit 


236, 330 or 440 volts, 60 cycles, A.C. 


LEAK PROOF CONSTRUCTION: 


Cases are seamless, and tops (see drawing) are joined to cases via 
a double-rolled seam which provides not only a perfect and perma- 
nent seal but also incorporates exceptional mechanical strength. 
No solder is needed or used. 


SPECIAL IMPREGNANT: 


Cases are filled with Chlorinated Diphenol Resin — an impreg- 
nant which is non-flammable and has high dielectric qualities. It 
has exceptional stability and long life, even at high operating 
temperatures. 


CHOICE OF TERMINALS: tn Ur — 
Three types of terminals, (see ———al| |e e-, & — i 
illustration) to fit your particu- 
lar needs—speed connecting time whether you prefer mechanically 


joined or soldered leads. 





MOUNTING BRACKETS FOR THE 


WIDE RANGE OF SIZES: AC DRAWN OVAL 


CAPACITORS 
Available for 236, 330 and 440 volts gree. 
A.C.,60 cycles. Conventional or barrier ») -“385 % 
type terminal mounting. Two types of Ko Ssen074 


mounting brackets. 





Write for Bulletin 237B Ne ’ 


sutter comPANY 


Since 1925 


Specialists in Fixed Paper Capacitors 
1950 SHERIDAN ROAD, NORTH CHICAGO, ILL. 











tray with adjustable magnetic stops, 
and a patented air-jet device for posi- 
tive separation or originals from copies, 
\ foot lever releases stock in the ma- 
chine when realigning or removal js 


desired. Also provided is an adjustable 
shield for 
extra-fast-printing originals. Charles 
Bruning Co., Inc., 4700 Montrose Ave., 
Chicago, Hl. 


No. 73, Ff 


exposure lamp processing 


FIBREBOARD PACK PROTECTS 
WIRE REELS 


Heavy spools of wire are now shipped 
in a fiber box custom-tailored to pro- 
vide dust- and moisture-free protection, 
A system of 


die-cut provides 


rigid interior support so that all pres- 


pads 


sure points are eliminated. 
Fiber box constructed — of 
500-lb-test double-wall board. Ends are 


used is 





stitched 
proper edge protection, The protective 


die-cut, pads positioned for 


boxes have withstood tests reproducing 
all of the stresses of travel by normal 


surface and air transportation — plus 


others to test safety factors. Supernant 


Manufacturing Co., Clinton, Mass. 
No. 74, 














Postcard return cards are pro- 
vided on the page preceding back 
convenience to the 


further  in- 


COVCT as al 
reader in obtaining 


formation on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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Illustrated above: Just three of the 25 efficient Chase warehouses dotting the nation, 


FOR STAINLESS STEEL! 








ormal 
plus 
rnant 
TO- 
: k : CALL THE CHASE WAREHOUSE NEAR YOU! 
1e : 
j l- 
The Nation’s Headquarters for Brass & Copper (tsales office only) 
Albanyt Chicago Detroit Los Angeles New Orleans Rochester 
Atlanta Cincinnati Grand Rapidst Louisvillet New York St. Louis 
> | Baltimore Cleveland Houston Milwaukee Philadelphia San Francisco 
eer Boston Dallas Indianapolis Minneapolis Pittsburgh Seattle 
Waterbury 


B R A 5 4s & € oO P oa E R Cc oO . Charlottet Denver Kansas City, Mo. Newark Providence 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


ane READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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<_._ MODEL B MOTORS 


wie 


i 


FOR HOUSEHOLD FANS! 


Quality — performance — economy! That's the 
combination you need to stay ahead in today’s 
highly competitive fan market. Our Model “B” 4-Pole, 4-Coil 
motor was designed specifically for household fan applica- 
tions. Tested and proved in the field, its smooth, quiet, 
trouble-free performance has won it the enthusiastic approval 
of leading manufacturers everywhere. The Model “B” features 
self-aligning, self-lubricating bronze bearings; dynamically 
balanced rotor; baked varnish-impregnated windings; ample 
oil reservoir located for easy lubrication. See table below for 
size range (modifications available, in production quantities, 
of course). Write today for complete specifications and prices. 





Max. 
Running 
Torque 
In/Oz 


Watts 
1500 
RPM 


Amps 
1500 
RPM 





NOTE: Direction of rotation when looking at end of shaft. 
CW indicates Clockwise. CCW indicates Counter-clockwise. 


ch me GENERAL INDUSTRIES co 


DEPARTMENT Gt . 





ELYRIA, OHIO 
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Laboratory 


Engineering 
Equipment 





MINIATURE OSCILLOGRAPH 


Weighing only 19 lb and only slightly 
larger than a Type 331, 
cathode-ray oscillograph is particularl 
suited for testing electronic computers 


shoe box. 


and similar equipment. 

The instrument may be 
time-measuring device for time intervals 
as long as 2.5 see and as short as the 
rise time of its signal amplifier, which 
is 0.08 microsec. 
electronic 


It also is an a-c/d-e 
with a 


voltmeter range of 





0.4 to 
upper 
per cent down). 


100 volts, full seale, with an 
frequency limit of 4 me (30 


Type 331 employs a tight-tolerance 
cathode-ray tube, flat-faced type, which 


en ee 


used as a ; 


insures accurate presentation of signals | 


and linearity on both axes over the 
entire screen area. 

The instrument incorporates such 
refinements as calibrated sweeps; an 


illuminated calibrated scale for accu- 


rate measurements under difficult am- | 


bient-light conditions; a 
signal-delay line; and a_ calibrating 
squarewave at the front panel which 


wide-band | 


may also be used on external equip: | 


ment. Also: a positive fast-rising-gate 
output at the front panel for tripping 
other equipment. 

An X amplifier is available for use 
when such signals as wobbulator sweep 
or 60-cycle sinewaves are to be plotted 
on the X axis. The probe supplied is 
factory-aligned for each instrument. 
Available as an accessory is a rubber 
viewing hood for use when it is desired 
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The amazinc 


VERSATILITY 














You'd have to go a long way to find a brazing job that these 


COPPER low-temperature silver brazing alloys can’t do. 


NICHROME 


COPPER 


Between them, the EASY alloys will join practi- 
cally all ferrous, non-ferrous and dissimilar metals and alloys that 
have melting points above the alloys’ respective flow points. 


VERSATILITY 





STELLITE 







The EASY-FLO and SIL-FOS alloys work well with all... 
oxyacetylene, natural and city gas torches — gas-air burners 
— oil, gas and electric furnaces — electric induction, resist- 

ance or incandescent carbon — molten alloy or salt dip... 
take your pick. 


VERSATILITY 






EASY-FLO and SIL-FOQ aturally and consistently 
make joints that... go up to 130,000 psi in tension 
and 48,000 psi in shear... have the duc- 
tility to take any stresses and strains the 
metals they join can stand... are liquid 

and gas-tight... have high electrical 

and heat conductivity... offer strong 
resistance to many corrosive agents. 







~ 


ADD to their 3-ply versatility the fact 
chat their low flow points protect metals 
and save gobs of time, labor and heat — 
and you have every reason to standardize 
on the EASY-FLO and SIL-FOS _ 
for all your brazing. 


GET THE FULL STORY 


In the job shown here induction heating is used to braze steel handle 


bars to stems with EASY-FLO 35 — 6 ata time in 32 secs. The two IN BULLETIN 20 
jobs shown at left above are gas torch brazed with EASY-FLO 45. It’s full of useable ideas. 
Job at right shows brass gasoline petcocks being brazed with Write for a copy today. 





EASY-FLO 45 by propane-oxygen burners — 1200 per hour. 


OFFICES and PLANTS 


CHICAGO, ILL. 
EASY-FLO & — CLEVELAND, OHIO 


my ‘Ts General Offices: 82 Fulton Sf., New York 38, N.Y. DETROIT, MICH. 


LOS ANGELES, CALIF. 
DISTRIBUTORS IN PRINCIPAL CITIES TORONTO, CANADA 


MONTREAL, CANADA 
There’s no “’...or equal’’ for EASY-FLO and SIL-FOS 


& 
, ey BRIDGEPORT, CONN. 
aS. WL PROVIDENCE, R. 1. 
Me le 
sl letebelhscendinad NO BW Q 
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Si erman 


One Piece 


TERMINAL LUGS 
AN 659 


SPECIFICATIONS 
One-Piece Construction 


Sherman Terminal lugs to AN659 100% Plus Conductivity 
Specifications for No. 8 to 4/0 
Cable sizes are now being manu- 
factured for prompt delivery. Terminals fit all standard Terminal 
Constructed from higher grade Blocks 

electrolytic copper electro tin- Crimping Tool locator spot on barrel 
ned, marked with wire size and 
“Sherman” Trade Mark. 


COMPARE THESE FEATURES 


Sight Hole for inspection 
Uniform Barrel Thickness 
Beveled Mouth for ease of cable entry 


Angle, Two-Hole, Center - formed, 
Types as Needed 


Stamped Trade Name—wWire Size and 
AN659 Dash Number 


CABLE SIZES 
8 through 4/0 


Write Today For 
Bulletin No. 3 


ELECTRICAL FITTINGS 
BATTLE CREEK, MICH. FOR WIRE AND CABLE 


To Speed 
»» Assembling 
and Reduce 
Production Costs 


Wisconsin 
es 








The toughness and uniformity of 
Wisconsin Porcelain Co.’s ceramics 
results in components that fit easily 

and accurately into place, helping to 

simplify your production procedures. 


A great degree of accuracy on ceramic 
parts is made possible by use of continu- 
ous kilns with automatic temperature 
controls and other highly developed 
processes. 


If your components are porcelain, re- 
fractory, steatite or filter body parts — use 
Wisconsin ceramics for best results. 


Send a sample or blue print and tell us your 
requirements. We will be glad to quote prices 
and delivery. 


Serving Electrical and Electronic 
Industries since 1919. 


WISCONSIN 
PORCELAIN (J) COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 















to reduce the amount of ambient ligh 
falling upon the tube face. Allen B 
DuMont Laboratories, Inc., 750 Bloom. 
field Ave., Clifton, N. Sy 

No. 75, Reader 


NONDESTRUCTIVE 
THICKNESS TESTER 


Nondestructive thickness tester tests | 
thicknesses of metals deposited op 
metals, metals on non-conductors, and 
non-conductors on metals. Tester will 


accurately give direct readings of thick. 





a 
nesses of virtually any coating on any 
base, including silver on brass, copper 
on die-castings, nickel on brass, and 
metallic coatings on ceramics, among 
others. Thicknesses are read directly. 
Instrument is portable. Unit Process 
Assemblies, Inc., 75 East 4 St.. New 
York City, N. Y. 
No. 76, Re der Inquiry 


IMPEDANCE COMPARATOR 


Suited for the rapid testing of resistors, 
capacitors, and inductors, Impedance 
Comparator Model 1010 has a circuit 
consisting of bridge, two arms ol 
which are precision-matched resistors. 
The two remaining arms are _ the 
standard and the component under 





test. Any voltage resulting from bridge 
unbalance is amplified and fed to a 
phase discriminator. The percentage | 
deviation of impedance is then read | 
directly in both sign and magnitude | 
on a zero-centered meter. 

Three full-scale ranges are provided: 
+ 5 per cent, + 10 per cent, + 20 
per cent. 

Impedance limits are: resistance. 
5 ohms to 5 megohms; capacitance, | 
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Pin-point accuracy for medium high-power applications 


it light | 
len B 
Bloom. Centralab 
Series PA-230 
Rotary Power Switch 
72 amps.-110 v.a.c.— meets the 
requirements of transmitter, industrial 
aa control and balancing, laboratory testing, 
s, _ power-supply converter, and many 
hick other special applications 





Available in a number of switch- 
ing configurations: 


Shorting or non-shorting contacts 
1 pole-17 positions, with stop 


3 pole-2 to 5 positions, with stop. 


2 to 17 multiple fingers at any 
position 


Up to 20 sections per switch 


Low frequency loss — Wiping contact assures long life. 
You get low-loss operation at high frequencies and high voltages. 


Excellent accuracy — Fach contact and clip is aligned by 
hand. Contact pressure is individually adjusted. Exclusive, 
floating, square-shaft construction prevents any “play” in rotation. 


Positive, non-stall rotation — Special index insures 
minimum of 25,000 cycles of operation. Distinctive Centralab 
design permits operating with ball-bearing ease. 


. : Sections are /”-thick, Grade 

= 1 pole-18 positions, continuous L-5A Steatite (the best). Voltage 

mM any rotation. breakdown, 3000 volts R.M.S. 
2 pole-8 positions, with stop. between critical parts. 


Write today for Technical Bulletin EP-74 that gives 
complete engineering data. 
























copper 
s, and 
among @eeeeee<een*ee#*eeee#e#es eeseee5e2502eoee<«ee@eeeteoaeeeeeeeeenaeeeeeeeeeneeeeeeeeeenemeeeeeetmUmctmUme 
rectly, ee “it Se 
rocess 
New I 
nee ena eee NEW THIS MONTH! 
if it’s a job 5 , 
ec7roni-Kwiz* No.8 | 
for electronic components, are } 
st Prize i 
R it’ oo b for Centralab A two-in-one ‘‘football- special” 
on tmsa jo Binoculars and Stadium Robe 
SISLOTS, 
| Sound good to you? Why not try for it? 
edance 2 . eae 
; ; 2 Simply answer this question in 50 words, 
circuit Centralab’s more or less: 
ms of advanced SHGeneaes How can distributors be more 
sistors. continues to create helpful to you on your 
e the the prototypes Tie ame yee Tu eg 
under of the components : it : 
A A leading editor will pick the winner 
industry of this month's major prize. 
CONTROLS Mail your entry to us before 
October 30. 

So 
+Nothing to buy. Employees of Centralab 
and their advertising agency not eligible. 
Duplicate prizes awarded in case of tie. 
Entries become the property of Centralab 
—none can be returned. 

CERAMIC SWITCHES PACKAGED STEATITE 
CAPACITORS ELECTRONIC INSULATORS 
CIRCUITS 
bridge 
to a 
pntage | P-5510 
read | \ 
; . oe oe a 5 — a tee Bie : 
nitude | | i} Be ie Sk ol \ Rhaa h 
| \ n<s ab \\A DIVISION \OF CLORE-UNION INC. \ 
videll \ \ : ‘y V ‘ ¥ 8 ‘ yj q ¥ ‘ % x \ : ‘ ‘ \ 
2 i 962] E. Keefe Avenue @ Milwaukee 1, Wisconsin ' : 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario 
stance, 


itance, | SINCE 1922, INDUSTRY’S GREATEST SOURCE OF STANDARD AND SPECIAL ELECTRONIC COMPONENTS 
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50 mmf to 20 mf; inductance, 100 
microhenry to 80 h. Two operating 
frequencies are available: 1000 and } 
10,000 cps. Special circuitry provides 
a low time constant and _ eliminates 
the necessity for operating pushbut- 
tons. Range calibration is performed 
by means of a built-in standard, and 
does not require special adjustment 
for each range. The Industrial Test 
Equipment Co., 55 East 11 St., New 
York 3, N. Y. 
> No. 77, Rea 


METAL PORTABLE BALANCER 


ACTUATING Portable self-contained balancer pro- 
BUTTON METAL vides a means for balancing any part 


SWITCH which may not be handled economically 


in a precision-type balancing machine. 
CASING | Especially useful for large parts, the 
testing machine, the Super L. provides 
a means for vibration analysis as well 
as dynamic balancing. It is capable of 
balancing parts at speeds of 250 rpm. 


SILICONE, The angular location and the amount 
NEOPRENE of correction weight required in two 
’ 


selected correction planes can be accu- 


or VINYL rately determined. The entire unit, 
CASING housed in a lightweight carrying case, 


consists of one inertia-type pickup, a 


stroboscope light, an amplifier with 
range switch, and all necessary cables. 


SINE CURVE ; a P Tinius Olsen Testing Machine Co., 


SNAP-ACTION | Easton Rd., Willow Grove. Pa. 
if No. 78, Reade y Se 
ELEMENT rece Pca 


ty. * . SENSITIVE ELECTRONIC 
Normally . as. Wd NULL INDICATOR 
Closed 


STATIONARY Normally le 560 er ee 
signed for bridge and potentiometer 

CONTACT Open \, measurements. Designated the Type 
STATIONARY . 1965 Null Indicator, instrument is un- 

CONTACT affected by mechanical vibration of any 


sort and has a response time of less 


High sensitive and stability character- 
ize an electronic galvanometer  de- 


than 1 sec. Current sensitivity is greater 
than 2 x 10°-'° amp. Voltage sensitivity 
ete sealing trom effects of is better than 1 microvolt per milli- 
@ \VVibratio - rT 
is ® Vibration resistant up 
ance up to 7000 C-P.S. © 
) » - > - . > = 
bs. shock test © Rated 10 Postcard return cards are pro 
ag ‘ Heli: vided on the pages preceding back 
oy. Ga ge 6S GM a Bo cover as a convenience to the 
> fit individual requirements reader in obtaining 
New Components and Materials 
Z Additional data from the sup 
ra | " . . 
40 incnes optional lier of any item reviewed. 
I e . 
Literature for the Design Engineer 
A copy of any manufacturers 


CONTROL PRODUCTS a INC. publication reviewed. 


Feature Article Reprints 
306A SUSSEX STREET @ HARRISON @ NEW JERSEY Single copies of selected featur 


articles. 


Advertised Product: 
Vee ea VAL OE, CM ay ACE © aig Paar on any prod 


uct or service described. 


nyl molded cases ® 
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) Want to eliminate noise or vibration in: 





LorD couplings transmit 







torque evenly. Tub mountings Heater fans give hushed LORD mountings maintain 
dampen vibration and com- Furnaces operate quietly with operation and are less dis- alignment, eliminate vertical 
pensote for irregular loading fan hubs, blower mountings tracting when equipped with “bounce” and transmit even 
or misalignment. and base mountings by Loro. LorD bonded-rubber fan hubs. pressure to sanding plate. 









Bonded-rubber fan hubs, pil- LORD mountings assure accu- Bonded-rubber idler wheels 
low-block bearings, idler and Blade vibration and misalign- rate seating of drive motor eliminate turntable “rumble” 
drive wheels for smooth, ment eliminated with Loro ond absorb blade shock for — maintain the highest per- 
noiseless performance. bonded-rubber fan hubs. smoother operation. formance standards. 





4 








Motors and/or compressors Lord couplings and mount- 

mounted by Lorpd and fans ings absorb cutter shock, Compressor motor vibration ; 
equipped with bonded-rub- assure positive positioning and noise isolated .with Loro idler and drive wheels 
ber hubs team up to give and deliver impulse-free bonded-rubber motor mount- prevent “wow — assure 
cushioned, silent operation. power. ings. “high-fidelity” output. 


Noise and vibration can seriously affect the market preference 
for your product. Modern household appliances have greater 
sales appeal when equipped with these Lorp “silent salesmen”. 

Find out how Lorp bonded-rubber products can improve the 
performance of your product. LorpD has over 30 years of experi- 
ence in furnishing the best in vibration control and shock 
resistance to some of industry’s most successful appliances. 
Lorp Field Engineers are located in major industrial centers. 
Call, or write to the Lorp office nearest you! 


LORD MANUFACTURING COMPANY « ERIE, PENNSYLVANIA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


1 
: designers 
! and producers 
of bonded 
©E}[) rubber 
products 
SOnDED Rubee ! since 1924 


NEW YORK, N. Y. - Circle 7-3326 * PHILADELPHIA, PA. - LOcust 4-0147 
CLEVELAND, OHIO - SUperior 1-3242 + DAYTON, OHIO - Michigan 8871 
DETROIT. MICH. - TRinity 4-2060 ° CHICAGO, ILL. - Michigan 2-6010 
DALLAS, TEXAS - Riverside 3392 * LOS ANGELES, CAL. - HOllywood 4-7593 


“In Canada — Railway & Power Engineering Corporation Limited” 
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Assuring HIGH Reliability 
“TEMP-GUARD” THERMOSTATS 


Dales midget type ‘“Temp-Guard”’ thermostat controls are tested to oper- 
ate under a great variety of conditions (including numerous military 
applications). Constant research and development has resulted in the 
successful redesigning of thermostats to meet High Reliability ‘“Temp- 
Guard” standards under most critical operating conditions. You are assured 
of satisfactory performance over a wide range of ambient temperatures. 
Dales’ specialized thermostat engineering to meet specific requirements is 
available to you at all times, and ‘““Temp-Guard” samples are sent on request. 






DAM 
Series 





Thermal-Board Test: 


In this test the thermometer becomes an 
actual part of the thermostat by direct 
contact. Here accuracy and precision of 
make and break performance is con- 
trolled tothe closest tolerance under load, 


UL Approved models up to 150°C. 
Special models up to 750 F° 





Oven Test: 


Each thermostat travels at a snail's pace 
through these newly designed 32-foot tubular 
ovens. Operating temperature range is elec- 
trically controlled from zero to maximum 
requirements of specific product application. 
At 16 feet of travel every “Temp-Guard"’ 
thermostat is checked for closed circuit. When 
travel reaches 32 feet, a check is made for 
open circuit. Qualification under this test 
assures user of dependable performance 
within specified temperature range. 


ock Test: 


* 
A double-check on the results of the 
Oven Test. Insulated heat block 


checks and re-checks open and close 
circuit at specified temperatures. 


Service Test: 


Monotonous repetition of make and 
break performance records the life 
span of “Temp-Guard” controls. In a 
typical appliance application “Temp- 
Guard" thermostats qualifica- 
tion tests record 750,000 cycles at 425 
watts. (slightly less than 475 watts.) 





Lock Rotor Test: 


Get Dales’ 
New ''Temp-Guard"’ 
Engineering Data Brochure — 





With ‘“Temp-Guard" thermostats placed as 115 to 
230 V motor and solonoid protectors, minimum 
overshoot is recorded. UL Lock Rotor Test require- 
ments are surpassed. Motor test shown above at left. 


| The Granklin Dales Co. 


"Temp-Guard”’ 


ret a oh 
180-184 East Mill Street, Akron, Ohio 


DR M 


Just off the presses! Series 
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meter scale division. High sensitivity 
of Type 1965 plus its high input im. 
pedance (5000 ohms) make it useful 
for measurements of high resistance. 
Sensitivity of the Type 1965 may be 
adjusted by 
control. 


means of a front-panel 


The null indicator and its integral 
115 volt, 60-cycle, power supply are 
housed in a cabinet 17 in. deep x 6 in. 


wide x 81% in. high. Weight, 14 Ib. All 


controls and multi-purpose — binding 
posts are located on the front panel. 
Shallcross Manufacturing Co.. 520 
Pusey Ave.. Collingdale, Pa. 


No. 79, Reader 


MASS SPECTROMETER 
LEAK DETECTOR 


Mass spectrometer leak detector that 
is smaller and four times more sensitive 
than its predecessor, is 
Type M-l. It is the 
manufacturer's Type M. 

The new M-1 is designed to detect 
a leak rate of 5 x 10 standard cubic 
centimeters of air per sec 


designated 


successor to 


entering an 





under 


evacuated system atmospheric 
pressure. It can be used selectively to 
locate a specific leak in the presence 
of other leaks, without loss of sensi- 
tivity. 

Twenty sensivity ranges are provided 
by means of attenuating factors of 1, 
3, 10, 50 and 150, and by four levels 
of emission current, making it possible 


to locate leaks of different sizes. 
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Glass containers for 


every purpose are 
designed and manu- 
factured by Owens- 
Illinois Glass Com- 
pany —over 100 
billion units made 
in last 25 years 


ivity 

im- 
seful 
ince. 
y be 
vane] 


‘gral 

are 
6 in. 
. All 


ding 


 , More than 3,000 new designs per year 


—without a “bottleneck” in drafting 





positive Paper and Kodalith Film gives cus- 
tomers fast service .. . saves dollars every day. 
Chances are you can adapt this technique to 


In the Design Development Department of the 
Owens-Illinois Glass Company, Toledo, Ohio, 
no time is lost in tedious redrafting. A simple 


short cut involving the use of Kodagraph Auto- your own routines. 























that 

sitive 

iated 

r tt 

letect 

‘ubic 

g an 
Big head start. Kodalith Film prints of ele- A positive photographic intermediate is New design is added to the Autopositive, 
ments which are repeated from time to time produced directly by exposing the “paste-up” which has dense photographic black lines on 
are kept on file. When a new design calls for in contact with Kodagraph Autopositive a clean white translucent base. Required num- 
any of these elements, the draftsman merely Paper, then processing the print in standard ber of shop prints—each crisp and uniform — 
tapes the right films on clear acetate and photographic solutions. No negative step... are produced from this master, which can also 
orders an Autopositive. No redrafting! easy room light operation. be used later on for minor revisions. 

Kodagraph Autopositive Paper 

heric | “THE BIG NEW PLUS” in engineering drawing reproduction 

ly to 

ence | - -__— —- 9=MAIL COUPON FOR FREE BOOKLET -————————— — — —— — — — — — 

' 68 
sensi- EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, N. Y. 

vided Gentlemen: Please send me a copy of “New Short Cuts and Savings.” 

of 1, : ; ne 
: Name osition 

levels Shows all the ways 

ssible you can save with Company Street 
Kodagraph Auto- ; 
positive Paper. City Zone State 

URING 
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TOPHET A® 
Nickel Chrome 


TOPHET c® 
Nickel Chrome Iron 


EVANOHM ® 
Nickel Chrome 


RODAR® 
Nickel, Cobalt, Iron 


CUPRON ® 
Copper Nickel 


MANGANIN 
BALCO ® 

Nickel Iron 
PURE NICKEL 
FILAMENT WIRE 
GRID WIRE 
CARBONIZED 

NICKEL 


BERALOY A® 
Beryllium Copper 
STAINLESS STEEL 


MONEL 
COBENIUM ® 


Sees me se, 





\ 
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“| SPECTRA 





SPECIFY ELECTRICAL, 
ELECTRONIC AND MECHANICAL ALLOYS 
IN WIRE, ROD, RIBBON OR STRIP — 





A fully equipped Spectrochemical labora- 
tory is the latest addition to the scientific 
controls used by Wilbur B. Driver to insure 
quality. Quality checks are now made faster, 
and with even greater accuracy. The skill 
and experience of over a quarter century of 
specialized manufacture is available for 
the solution of problems involving special 
alloys. Address inquiries to: 


WILBUR B. DRIVER CO. 


McCARTER HGWY., NEWARK, NEW JERSEY 


ELECTRICAL, ELECTRONIC, CHEMICAL and MECHANICAL ALLOYS 


All components have been arranged 


so that they can be easily dis- 
assembled for cleaning and _ replace- 


ment of parts. 


A dual cold trap provides a large 
condensing area for removal of un- 
wanted contaminants; in most cases 
an external cold trap will not be re- 


| quired. The dual cold trap requires a 


minimum of cleaning—less than 20 min. 
Realignment of the mass spectrome- 


| ter tube is assured after cleaning and 


replacement, since all com- 
ponents are aligned on a single re- 
movable flange. Electronic components 


are arranged 


parts 


according to their 


| circuitry on the removable chassis. 


The vacuum is of 


steel 


stainless 
consists of a 


system 
construction and 


| mechanical rough pump, oil diffusion 


pump and liquid nitrogen dual cold 
trap. Joints are made vacuum-tight 
by means of standard size neoprene 


| O-rings. The mechanical pump has a 


pumping speed of 33 liters of free 
air per min. The diffusion pump is an 
air-cooled silicone oil pump. General 
Electric Co., 1 River Rd. Schenectady 
&, N. Y. 

e No. 80, Reader 


precedin 


RESISTANCE ANALYZER 


Resistance Analyzer is capable of meas- 
uring the voltage coefficient of re- 
sistors over ranges from 1000 ohms to 
1,111 megohms, to within 1.1 per cent. 


Identified as Model KED-15, the lab- 


oratory test instrument was designed to 





check 


sistance, 


characteristics as d-c re- 
temperature coefficient, and 
voltage coefficient of resistors according 
to JAN specifications. 

Voltage coefficient of any resistor up 
to a capacity of 2 watts can be deter- 
mined down to as low as 0.0002 per 
cent volt. The voltage across the meas- 
ured resistance is continuously variable 
in three ranges from 0 to 500 volts by a 
self-contained regulated power supply. 
Resistors can be readily measured with 
good sensitivity with voltages as low as 
0.5 volts. 

Model KED-15 is designed for 115- 
volt. 60-cycle operation. Weight, 60 
lb: dimensions, 1914 x 11 x 12 in. deep. 


such 
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Our extruders have turned out enough plastic and rubber extru- 
sions to reach to the moon and halfway back. In compiling this 
vast experience General Tire’s Industrial Products Division has 
supplied thousands of original equipment manufacturers with just 
about every known type of extrusion. No job is too large, too 
small or too complicated for our design and production staff. 
Perhaps you can benefit from the fantastic extrusion mileage 
we’ve accumulated down through the years. 

For literature or further information write to The General Tire 
& Rubber Company, Wabash, Indiana, Department F. 


Ihe hepjtii l Lhoduiid Di “4 


WABASH INDIANA 


* From Plans to Products mw Plastics and Ruben 
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> BETTER 


> LONGER 
> FASTER 





cn 
HINTS 





50 million count life — conservative 
rating. 


1000 counts per minute — higher 
speeds with suitable actuation. 


7 watts power consumption 


Balanced armatures (for accurate 
performance on airborne equip- 
ment). 


Quiet operation. No AC hum when 
energized. 


Dust-resistant, tamper-proof housing. 
One-piece die-cast enclosure with 
close fitting cover secured with 
concealed screws. 


Available in Basement and Standard- 
mount Models for 60, 40-50, and 25 
cycles, also DC all voltages to 150. 


bade 
A Sled ded Pd Saddle Ld le Le 


iii) eae i 


123456 


Ask your PIC Representative 
or send for literature 


ie 


Chicago 6, Illinois 
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The Kuljian Corp., 1200 North Broad 
St.. Philadelphia 21, Pa. 
No. 81, Reader 


CAPACITANCE-RESISTANCE 
ANALYZER HAS DIRECT- 
READING SCALE 
Model BF-70 
Analyzer measures the im- 
portant characteristics of essentially all 
types of capacitors and resistors. Fea- 


Portable 
Resistance 


Capacitance- 


tures include a direct-reading calibra- 


'tion scale, avoiding possible errors in 


using multipliers or charts. 

The BF-70 quickly locates capacitor 
opens, shorts and intermittents: high 
and low capacities; it also detects high 
leakage and high power-factor in elec- 





trolytic capacitors, as well as low insu- 
lation resistance in paper, mica, and 
ceramic dielectric capacitors. Capac- 
itance measurements between wires and 
shieldings, transformer windings, cable 
wire and other similar tests are also 
possible. Cornell-Dubilier Electric 
Corp., South Plainfield, N. J. 
No. 82, R: f 


Postcard return cards are pro- 
vided on preceding back cover as 
a convenience to the reader in 
obtaining 
New Components and Materials 

Additional data from the sup- 

plier of any item reviewed. 
Literature for the Asking 

A copy of any manufacturer's 

publication reviewed. 
Feature Article Reprints 

Single copies of selected feature 

articles. 
Advertised Products 


More information on any prod- 


uct or service described. 





Ah 


4 $ 
Sy 
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SANGAMO 


ELECTRIC COMPANY 


builds long 


capacitor life 
with 


ate 
~ 





_ MR’ RESINS 


Capacitors protected with special electri- 
cal grade resins are setting new standard 
for performance and long service life. 


HIGH TEMPERATURE RESISTANCE. Resin 
type capacitors are more resistant to 
high temperatures—operating effectively 
at 100°C. and over. 


MOISTURE RESISTANCE. Molded resin im- 
pregnated capacitors have high resist- 
ance to the effects of moisture. If resin 
impregnated capacitors are affected by 
prolonged exposure to moisture, they re- 
cover their original electrical properties 
after the application of heat. 


DIELECTRIC STRENGTH. High dielectric 
strength offers space-saving advantages. 


STABILITY. Resin impregnated capacitors 
offer remarkably stable electrical char- 
acteristics during their long life. Capac- 
itance values remain virtually unchanged 
after accelerated tests representing long 
time operation. 


ECONOMICAL. Moderate original cost and 
long useful life prove resin type capaci- 
tors cost less in the long run. 


For their premium resin-type capacitors, 
leading manufacturers choose Celanese 
Marco" Resins. *Reg. U.S. Pat. Off. 
Celanese Corporation of America, 

Plastics & Resins Division, Dept. 105-J 

290 Ferry Street, Newark 5, N. J. 


Canadian Chemical Company Ltd., 
Montreal and Toronto. 


Z 
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Electro-Snap Switches Can Be Adapted to Almost 


Any Job — Quickly, Easily, Economically 9 j 

Just choose the Electro-Snap Basic Switch that meets your elec- 

trical requirements, add the proper actuator — and presto! — 

you have a tailor-made precision switch that exactly fits your 

application. Electro-Snap makes a wide variety of stock actu- 

ators to fit almost any requirement. And our engineering depart- 

ment is at your service if a standard combination “won’t fill 

the bill.” 

For prompt action on your switching problems, send us a brief # 
description and rough sketch of the switch you need. 


SUB-MINIATURE 
SWITCHES 
TYPE E-4 







ACTUAL 
SIZE 


$.P.D.T., 1 circuit; 5 

amps, 125/250 v. AC 
Operating force Such Ration Toggle Actuator Roller Leaf Actuator 
150 grams max. Actuator (Momentary or 


Exceptionally ys 





Double Toggle 
Actuator 


vibration-resistant. 
Special model E4-7 
is stabilized for 

— 65° to + 350° 
F. operation. 






we 





es) 
o, ¥ 


Leaf Actuator Extension 
Leaf Actuator 








TYPE S SWITCHES 





Series $1 
S.P.D.T., 2 circuit; 10 amps, 125/ Roller Lever Roller Actuator 
250 v. AC/ 30 v. DC. Ind. Screw Actuator 


—™ 


or solder terminals on ends or one 
side of switch. Also available 
| with reset button at bottom of 


Push Button Actuators 
(Various button sizes available) 






Toggle Actuator 
(momentary or 
. constant contact) 


switch or in Type S-100 Make- 

Before-Break Series where switch 

completes a new circuit before 
| interrupting old one. 










Special Push Butto 
Actuator designed fe 
fire control system 










Extension 
Leaf Actuator 














i HERMETICALLY-SEALED 
DOUBLE-POLE SWITCH 





15 amps, 125/250 v. AC. 

10 amps, 30 v. DC Ind. 

Eight terminals and four separate cir- 
cuits which operate simultaneously per- 
mit switch to reverse 3-phase motors, 
replace expensive relays, etc. 


Type J2-4 Toggle Actuator 
for J2-4 


Roller Leaf pg tenn 2 a ; 
|  DOUBLE-POLE ow @ @| 
| SIMULTANEOUS ACTION | 
| TYPE D-8 pe , 
| D.P.D.T., 4 Circuit eer 


D.P.D.T., 4 circuit 10 amps, 125/ 
250 v. AC/30 v. DC. 


seit a 





Extension Leaf 
Actuator (Various button sizes available) 


Push Button Actuators 








ELECTRO-SNAP SWITCH & MFG. CO. 4220 West Lake Street, Chicago 24, Illinois 


__ MANUFACTURERS OF A COMPLETE LINE OF PRECISION SWITCHES FOR INDUSTRY AND AVIATION 
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TELESYN 
400 CYCLE 
RESOLVERS 





from FORD INSTRUMENT 





e STANDARD RESOLVERS 
in Sizes 15, 23 and 31 


e RESOLVER SYSTEMS 
incorporating size 23 or 31 
resolvers, network box 
and amplifier. 


e@ and SPECIALS 
designed to the particular 
application. 


Ford Instrument’s Telesyn Resolvers 
— precision-built for the extreme 
efficiency and accuracy of the Com- 
pany’s computers and control systems 
—are available to meet 


your own 


quality requirements. 


FREE — Fully illustrated 
data bulletin gives speci- 
fications and perform- 
ance information. Please 
address Dept. EM. 





@ FORD INSTRUMENT 
COMPANY 


Division of Sperry Rand Corporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


| 
j 


5 


Ford Instrument’s standard components 


e 


| ty 


Rate 


Serve 
Generators Differentials Moters 
< > | eH | 
Telesyn | Telesyn 
Resolvers Integrators |  Synchros 
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Literature for the Design Engineer 


Digest of manufacturers’ new literature relating to compo- 
nents and materials for designed-in use in electrically oper- 


ated end products. 


. . Checked as to date and previous 


publication in ELECTRICAL MANUFACTURING. 





SILICON JUNCTION DIODES Line of 
silicon junction diodes, characterized by 
excellent forward conductance and high 
back resistance, is the subject of an 
illustrated brochure, pointing out the 
availability of diode types operating up 
to 200 C. Specifications are provided for 
a number of standard types, and general 
product information is provided. Semi- 
conductor Div., Hughes Aircraft Co. 
ircle No. 121, R ' r 


SPECIALTY STEEL SELECTION GUIDE 
Ilustrated 32-page booklet defines the 
distinctive characteristics of a broad 
range of special-purpose steels in terms 
of end use. It briefly summarizes com- 
pany’s specialty product line, including 
stainless steels, silicon and high nickel 
electrical alloys, special-purpose alloy 
steels, heat-resisting and super alloy 
steels, fine wire specialties and others. 
The Carpenter Steel Co. 
Circle No. 122, R« 


RADIAL BALL BEARINGS—Over 500 dif- 
ferent standard radial ball bearings are 
described and tabulated by bore size 
(from 0.0250 in. to 0.2500 in.) in a 
24-page 1955-56 catalog. Described in 
detail are 16 types, including two new 
series; information on 6 other standard 
series of ball bearings is also provided. 
Useful design engineering reference 
material are included. Miniature Preci- 
sion Bearings, Inc. 
ircle No. 123, Reader nquiry Service 


INDUSTRIAL ENCLOSED SWITCHES— 
Described in 28-page Catalog 83 are 90 
different enclosed switches for use on 
either a-c or d-c industrial equipment. 
Included are general-purpose, sealed, 
heavy-duty, and limit switches. Other 
types listed include hand-operated 
switches and maintained-contact models. 
All are available in a variety of actuator 
designs, contact arrangements, and 
electrical ratings. Micro Switch Div. of 
Minneapolis-Honeywell 


Regulator Co. 
Circle No. 124, Reader Inquiry ‘ 


Cara 
ervice Caras 


SILICONE RUBBER — Four-page review 
of Silastic silicone rubber, stocks and 


gums is divided into five sections de- 
tailing properties and performance as 
affected by extreme temperatures, weath- 
ering, compression, chemical and di- 
electric service. Charts, tables, graphs 
and application photographs are pro- 
vided. Dow Corning Corp. 
No. 125, Reader 


CERAMIC MAGNETS—Characteristics, 
design and applications of Indox I— 
a nonmetallic ceramic permanent mag- 
net—are described in a 4-page catalog. 
Lightweight and high coercive force of 
the magnet make it suitable for applica- 
tions including indicating gages, mag- 
netic couplings, special instrumentation, 
and miscellaneous holding applications. 
In addition, its high force makes it suit- 
able for motors, polarized relays and 
similar equipment. The Indiana Steel 
Products Co. 
> No. 126, Reade 


ALL-METAL SHOCK MOUNTS All- 
metal mounting for vibration, shock and 
noise control is described in Trends 
Sheet No. 111, which points out its 
suitability for small machine tools, air 
conditioning equipment and __ similar 
units. Model W164 provides isolation 
of vibration for disturbing frequencies 
of 1250 cpm and higher and withstands 
dynamic loads as great as 20 g with no 
change in characteristics. Performance 
is said to remain unchanged from — 130 
to 375 F. Robinson Aviation, Inc. 
ircle No. 127, Reader 


yeced 


SILICON TRANSISTORS—Types 95, 952. 
and 953 hermetically sealed silicon 
grown-junction medium-power transist- 
ors are designed for use in audio or 
servo amplifier stages requiring output 
power up to 1 watt. Units can operate, 
with moderate derating, at ambient 
temperatures up to 150 C. Texas Instru- 
ments, Inc. 
rcle No. 128, 


‘ 
>, io no r 
Reader quit 


eding back cover 


FASTENER DATA FILE—Reference ma- 
terial on seven types of manufacturer’s 
socket screws, plus hex-socket keys, is 
provided in a small data file suitable 
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Get this 56-page Guide to 


Electronic Components Division 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 
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OFTEN 


TWO HEADS ARE BETTER 
C= THAN ONE 


Often two heads are the only solution to a 
part or fastener problem. Take just a moment 
to look at this pump valve-plunger. It’s a tricky 
job calling for two heads and two different 
shaft diameters. The big problem here was 
to produce this valve-plunger in quantity, 


it inexpensively and quickly . . . and Hassall 
| double-heading did the trick. 


Double-heading is only one example of the almost 
limitless possibilities Hassall cold-heading offers you. 
If you have a fastener problem just send us samples 
or specifications for a quotation. 


WRITE FOR CATALOG. .... with it we will send 
our popular decimal equivalent wall chart. 
John Hassall, Inc., Box 2225, Westbury, L.1., N. Y. 


HASSALL 


pee EBS ashes dat 





NAILS, RIVETS, SCREWS 
AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 


SINCE 1850 


SPECIAL WAILS RIVETS SCREWS, 


ay 
el 
oI 


ee EEL BL Riel 





for wall mounting. Data are presented 
on standard dimensions, and_ sizes. 
physical properties, recommended tight- 
ening torques, and suggested applica. 
tions. Mac-it Screw Div., Strong, 
Carlisle & Hammond Co. 

No. 129, Reader Inquiry Ser 


CRYSTAL DIODE MANUAL—Second edi- 
tion of 8-page Crystal Diode Manual 
has been revised and brought up-to-date 
to include germanium and silicon di- 
odes, including glass- and plastics. 
encased models. Divided into three 
parts, the manual provides technical 
information on constructions and ad- 
vantages; electrical and mechanical 
data; and selection and application. 
CBS-Hytron Div. of Columbia Broad- 
casting System, Ine. 
ircle No. 130, Re ider Inquiry Ser 


PRECISION GANGING POTENTIOME- 
TERS—Technical Bulletin 360-455 and 
C150-455 provide data on 3-in. and 15 
in. precision ganging potentiometers, 
respectively. The 3-in. fully enclosed 
models have a power rating of 8 watts 
and are suitable for applications that 
do not require the extended refinement 
of more expensive high precision types. 
Series C-158 15% in. models are useful 
in applications requiring a high degree 
of accuracy in limited space. DeJur- 
Amsco Corp. 
No. 131, Reader 


EPOXY RESIN SELECTION CHART — 
Epoxy resins for impregnating, potting 
and coating electrical and_ electronic 
components are listed in a one-page 
selection chart. Resins are grouped ac- 
cording to room temperature, moderate 
temperature and high temperature set- 
ting systems. Furane Plastics, Inc. 
ircle No. 132, Reader Inquir ervice 


SHEET AND STRIP STEEL — Entitled 
“Buyer’s Guide to Sheets and Strips.” 
8-page bulletin lists more than 20 kinds 
of flat rolled steel furnished in coils, 
stock sizes, and cut-to-order blanks. 
Selection recommendations and com- 
plete specifications are provided. Joseph 
T. Ryerson & Son, Inc. 
Circle No. 133, Reader 


PRECISION SWITCHES—Features of a 
series of single and double-blade preci- 
sion switches are described by the text, 
tables and illustrations of Catalog 4. 
Mounting dimensions are given and 
availability of a midget hermetically 
sealed switch is announced. Switches 
have a one-piece heavy-duty beryllium 
copper switch blade with fine silver 
contacts welded in position; a 1-millisec 
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You're time and money ahead with Performance- 
Guaranteed Magnetic Shields, for our shields 
are guaranteed to meet the requirements of your 
circuit to mutually agreed upon shielding speci- 
fications. Dry hydrogen annealed, as required 
of MuMetal, A.E.M. 4750, or whatever 
commercially available material is most suitable 
. fabricated or drawn... painted or lacquered 
to match any shade, or unfinished. Write for the 


industry's most complete catalog, MS-104, today. 


MAGNETICS inc. 


DEPT. EM-26, BUTLER, PA. 
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ACTUAL SIZE 


24 CONTACTS...90° MOUNTING 


This new, unusual design connector was developed 
primarily for digital computor applications. Stainless 
SPECIAL steel brackets are an integral part of the construction 
and also act as supports for the printed circuit assem- 


bly. The 90° printed circuit plug (center) is dip 
DESIGN soldered to the printed circuit board. 


i Polarization is positive with a reverse guide pin and 
PRINTED guide socket arrangement. The terminal end of the 
contacts receive an “AMP 53” taper pin. A straight 

IT plug is also shown on the right. 
CIRCU Technical data on this connector, PLUS other special 
designs and applications requiring the use of sub- 


CONNECTOR miniature, printed circuit, hermetic seal, pressurized, 


high voltage or power connectors, are available on 
request. 


Electronic Sales Division 
DeJUR-Amsco Corporation, a 
45-01 Northern Boulevard, Long Island City 1, N. Y. 
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traverse time for 0.030 in. gap; and a 
Silastic actuator button that flexes satis- 
factorily from 90 to 250 F. Havdon 
Switch Ine. 

No. 134, 


SHAPED TUBING Illustrations and 
data memorandum No. 17 show a few 
of the shapes made by fabricator for 
bourdon springs and use in electrical 
and other equipment. Also illustrated 
are mechanical tubing for bushings, and 
mechanical parts. Step-tapered tubing 
are also reviewed. Analyses available 
include stainless, carbon. nickel and 
nickel alloys, glass sealing alloys, titan- 
ium and beryllium copper. Superior 
Tube Co. 

No. 135, Read 


DIRECT-WRITING OSCILLOGRAPH — 
High-speed, high-sensitivity, and free- 
dom from drift are among the character- 
istics of the Type P portable dynograph 
direct-writing oscillograph, described in 
an illustrated brochure. Available with 
one or two channels, Type P may be 
obtained in two models, one having 
seven speeds, the other three. Special 
chopper amplifier design provides versa- 
tility. Offner Electronics Inc. 
No. 136, Ré juir 


TEFLON STOCKED PARTS — Bulletin 
CP554 illustrates some of the special 
molded and machined parts fabricator 
has produced from pure glass-filled, 
glass - and - carbon - filled, and Zircon- 
filled Teflon. Listings also provide data 
on a line of molded and extruded 
Teflon stock, including sheets, molded 
cylinders, tape, extruded tubing and 
rods. Chemical and Power Products, 
Inc. 
No. 137, Re 


WIRE AND CABLE INSULATING, JACK- 
ETING MATERIALS—First of a series 
of bulletins covering insulating and 
jacketing materials for wire and cable, 
bulletin No. WC-1 describes the prop- 
erties and characteristics of four in- 
sulating and jacketing materials for 
wire and cable; Alathon polyethylene 
resin, Rulan flame-retardant plastics, 
Zytel nylon resin, and Teflon tetra- 
fluoroethylene resin. E. I. du Pont de 
Nemours & Co., Inc. 
No. 138, Reader Inquiry Sery 


BALL-BEARING TORQUE TESTER — 
Catalog 25 describes a_ ball-bearing 
torque tester measuring torque trans- 
mitted through instrument ball bearings 
under thrust loads. Magnitude and 
number of peaks, average friction, and 
tendency to bind under load—these are 
among the factors the tester can 
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Here’s the tape that’s made to order for com- 
plete mechanical and electrical protection. It 
is resistant to abrasion, water, oils, acids, alka- 
lies and corrosive chemicals. Does the work of 
both rubber AND friction tapes in many appli- 
cations. Makes a thin splice, keeps wiring neat 
and uncluttered. Good stretch, tight grip. Ap- 
proved by Underwriters’ Laboratories, Inc. 


Royalastic is made by United States Rubber 
Company, the only tape maker to grow its own 
natural rubber and make its own synthetic rub- 
ber and plastics. 

For instant supply, order from any of the 
many “U.S.” distributors or any of our 27 Dis- 
trict Sales Offices or write address below. PUT 
YOUR ORDER IN NOW. 


“U.S.” Research perfects it...“U. S.”” Production builds it...U. S. Industry depends on it. 


and UNITED STATES RUBBER COMPANY 
and | MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 


are 


can Hose « Belting * Expansion Joints * Rubber-to-metal Products * Oil Field Specialties * Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 


Molded and Extruded Rubber and Plastic Products « Protective Linings and Coatings * Conductive Rubber « Adhesives « Roll Coverings *« Mats and Matting 
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nea systems 


Oh BLO) 


DESIGNED... DELIVERED 
... IN OPERATION 
PRESSURE 
« WIND TUNNEL INSTRUMENTATION 
« RADAR AND SONAR TRACKING DEVICES 


e AUTOMATIC COMPUTER INPUT 
FORCE « WEIGHT DISPLAY AND RECORDING 
« GAS DYNAMICS RESEARCH 


e ENVIRONMENTAL TESTING 
e ENGINE TEST FACILITIES 


WEIGHT 





* NAMES ON REQUEST 


VOLTAGE 





LLUSTRATION SHOWS GIANNINI EQUIPMENT N / 
BRISTOL’S ‘*DYNAMASTER’’ RECORDERS / 





18M TYPEWRIT 


CLARY PRINTER-ADDER 


FOR PRINTED TAPE, TYPEWRITER TABULATION OR PUNCHED CARD RECORDS 


ale Giannini digital data handling and recording systems 
4 can be adapted to many additional processes that 
require rapid and/or continuous recording of pre- 

cise information. Utilizing simple, reliable electro- 
mechanical instruments, Giannini systems have been 

chosen for applications requiring extreme reliability 

and accuracy. Write us concerning your data han- 

dling problems— Literature available upon request. 


DATE X opivision 





REGIONAL SALES OFFICES: EMPIRE STATE BLpc., NEw YorK 1, N.Y. © CHICKERING 4-4700 
8 So. MICHIGAN AVE., CHICAGO, ILL. © ANDOVER 3-5272 
1307 So. MyrTLe Ave., Monrovia, CALIF. ¢ ELLIotTtT 9-5381 


G.M. GIANNINI & CO.,INC.e PASADENA 1, CALIFORNIA 
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determine before assembly of bearing, 
Test instrument meets requirements of 
MIL-STD-206. Sunshine Scientific In. 
strument. 


Co 


Circle No. 139, Re 


ELECTRICAL INSULATING TAPES — 
Raw materials and typical applications 
of a line of insulating tapes are dis. 
cussed in an illustrated brochure point. 
ing out the properties of Mylar. cellu. 
ose acetate, cellulose-acetate-butyrate 
and cellulose triacetate. Insulating tapes 
produced are sometimes left clear or 
uncoated; in other cases they are coated 
or printed. Tapes are also laminated 
to asbestos, or coated with other plastics 
such as polyethylene. Dobeckmun Co, 
“ircle No. 140, 


SOLENOID VALVES Comprehensive 
catalog describes normally open and 
normally closed solenoid valves for con- 
trolling oil and other fluids. Designated 
Magnatrol Valves, units are electro- 
magnetically operated devices generally 
used in conjunction with automatic con- 
trol apparatus. Useful reference data 
includes comparative tables of fluid dis- 
charge and friction drop. Magnatrol 
Valve Corp. 
No. 141, Re 


‘ 


PRESSURE-SENSITIVE WIRE MARKERS 

Suitable for a temperature from —250 
to 350 F, pressure-sensitive wire mark- 
ers, described in an illustrated brochure. 
are available in all standard NEMA- 
ASA colors without printing. Available 
are machine tool control identifications. 
communcations equipment markers, and 
related types. Stock items are listed. 
North Shore Nameplate. Inc. 

Circle No. 142, Re 


PRINTED - CIRCUIT CONNECTORS 
Prin-Cir connectors. described in a 2- 
page data bulletin. feature bodies 
molded of an improved dielectric mate- 
rial and a new contact design. Contacts. 
said to form-fit any standard 0.061 to 
0.071 in. board. are available in four 
styles. All connectors are available with 
one or more polarizing keys and contact 
coding on both top and bottom. Amer- 
ican Phenolic Corp. 

Circle No. 143, Re f 


THREE-PHASE RESISTANCE WELDING 

Patented power-saving principle of 
operation described in 4-page brochure 
entitled “Three-Phase Resistance Weld- 
ing” is said to provide greater weld 
consistency and longer electrode tip life. 
Other advantages include elimination of 
current compensators and lower instal- 
lation costs. Graphs and text show how 
the Three-Phase machines draw_ bal- 
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rs ie 
i “We'll start by specifying FASCa 


/ 
/for this motor application.” 
/ 


/ 








Yes, smart design engineers agree: whatever the 
exact rating and size of the fractional H.P. motor 
they specify, it must be a Fasco Motor. Chances are 
Fasco already has exactly the right motor for the 
application in production; if not, we will “tailor” a 
motor to meet specific requirements. Remember... 
Fasco Motors mean dependability and long life 
which are strong selling points for your product. So 
when it’s a question of fractional H.P. motors... 


consuLt FASCO |... First! 


How about letting us send 
you a copy of our new cata- 
log? It is yours for the asking. . 






FASCO 


® “= 
FRACTIONAL H.-P. _—— FaASCO INDUSTRIES, INC. 
MOTORS x ROCHESTER 2,NEW YORK 


Visit our Booth, Number 208 

9th Exposition—Air Conditioning Composite view of the three Fasco 

and Refrigeration Industry Plants located in Rochester, N. Y. 
ATLANTIC CITY and Fayetteville, N. C. 


November 28th to December 1st 
inclusive 
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_available with 





EAGLE WMULTIFLEX 
(multiple circuit) reset timer 





For controlling operation phases of electrically energized de- 
vices in processing work. The Multiflex Reset Timer closes 
and opens one to six circuits during a time interval started by 
push button, limit switch or other means. It’s the only multi- 
ple circuit timer that provides a calibrated scale for quick, 
independent adjustment of each circuit. Time changes are 


made rapidly by moving a 
simple slide adjustment. Set- 
tings are possible to 1% of 
full scale. Vernier knobs are 
provided for use where more 
accurate settings are re- 
quired. Multiflex Timers are 
time scales 


from 30 seconds to 5 hours. 
Send for free bulletin. 


TYPICAL TIME CYCLE 
ra _- PRESS BUTTON TO START 
: (Time in Seconds) 


0 5 10 15 20 25 30 


a es ee 
ete POSITION 


HEAT ON 


TIMER HOLDING CONTACT [| 





- 
o-* 


~ 
“———<—Timer Resets—— 


(0.4 seconds reset time required from full scale setting) 


MAIL COUPON TODAY 


EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. EM-1055 
MOLINE, ILLINOIS 


Please send Bulletin 130 containing 
Multifiex Reset Timer. 


full data on 


NAME AND TITLE 
COMPANY 

ADDRESS 

ZONE 


city STATE 





anced current from all three phases of ' 
the supply line. Sciaky Brothers, Inc. 
No. 144, Reader t 


MULTICONTACT SAMPLING 
SWITCHES — Illustrated 4-page bro. 
chure describes three basic switch de. 
signs available with a variety of contact 
arrangements and _ integrated motor 
drives for use in military and industria] 
applications. Included is a performance | 
chart showing the extended service-free 
life of a typical 60-contact 300-rpm 
multicontact sampling switch, covering 
one year’s continuous operation and 


over 50 million revolutions. General 
Devices, Inc. 
Circle No. 145, Reader Inquiry Service Cards 
DRAWN ALUMINUM — INSTRUMENT 
CASES—-Supplement to Catalog No. 5 
lists additional sizes of rectangular 


cases and covers available in a line of 
deep drawn boxes, and announces a 
new line of drawn aluminum cases offer. 
ing many design features available as 
standard catalog items. Zero Manufae. 
turing Co. 

Circle No. 146, Re yder Inquiry Se 


over 


rvice 


TRANSFORMERS, MAGNETIC COMPO. 
NENTS — Illustrated 16-page bulletin 
points out experience and facilities for 
designing and developing single- and 
three-phase transformers, including con- 
trol, power, pulse, and audio types, as 
well as reactors, swinging chokes, mag. 
netic saturable reactors, 
clutch coils and weigh filters. Complete 
specifications are provided on proved 
designs in Milwaukee 


amplifiers. 


each group. 
Transformer Co. 


Circle No. 147, Reader 


re INQ DACK over 


BORON CARBON RESISTORS—Bulletin 
B6a provides complete specifications on 
boron carbon Precistors, available in 
three sizes and said to meet all require: | 
ments of MIL-R-10509A. Specifications, 
characteristics and application data are 
provided. International Resistance Co. 
Circle No. 148, Reader Inquiry Service ¢ 


over 


CONTROLLED RELATIVE HUMIDITY 
TEST CHAMBER—Four-page brochure 
illustrates an Annular Mechanical Con- 
vection Controlled Relative Humidity 
Chamber, the Vapor-Temp. Relative 
humidity can be controlled to + 1 per 
cent. Suitable for many MIL, JAN and | 
ASTM tests, the chamber permits sever: 
al tests to be conducted simultaneously. | 
Construction details and specifications 
are provided. Blue M Electric Co. 


Circle No. 149, Reader Inquiry Service Ca 
¢ over 


pre eding DOack 


BELLOWS, FLEXIBLE METAL HOSE— 
Complete with selection data, illustrated 
16-page catalog provides specifications 
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A Transformer becomes a precision device 
with Allegheny Magnetic Materials in the core 


“TRANSFORMER LAMINATIONS” 


84 pages of valuable technical data 
on standard and custom-made lam- 
inations from all grades of Allegheny 
Ludlum magnetic core materials. 
Prepared from carefully checked and 
certified laboratory and service tests 
—includes standard dimensions, 
specifications, weights, etc. Sent free 
On request . . . ask for your copy. 


ADDRESS DEPT. EM-70 
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% ALLEGHENY SILICON STEEL 
% ALLEGHENY 4750 
% ALLEGHENY MUMETAL 


The operation of a transformer is no 
better than the magnetic core around 
which it is built. With Allegheny mag- 
netic materials in the core, you get the 
best—uniformly and consistently. 
Sure there are reasons why! For 
one thing, there’s the long experience 
of a pioneer in development and 
quality control of electrical alloys. 
But most important, the A-L line 
offers complete coverage of any re- 
quirement you may have, any service 


specification. It includes all grades of 


silicon steel sheets or coil strip, as 
well as Allegheny Silectron (grain- 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 





BACK COVER 


oriented silicon steel), and a wide 
selection of special high-permeability 
alloys such as Allegheny 4750, 
Mumetal, etc. 

In addition, our service on mag- 
netic materials includes complete 
lamination fabrication and heat treat- 
ment facilities. What’s more, this 
extensive experience in our own lam- 
ination stamping department is a 
bonus value for all users of A-L 
electrical sheets or strip. @ Let us sup- 
ply your needs. Allegheny Ludlum 
Steel Corporation, Oliver Bldg., 
Pittsburgh 22, Pa. 
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Does your 
product 
need motion 
at 

SLOW 


SPEED? 





If you are designing or 
building a product 
where vou need motion 
at slow speed, Motore- 
search has a motor tor you. Our 
A. C. Induction Motor is made 
in four basic sizes with output 
shaft speeds of from 1-200 rpm. 
and with torque of from 5 to 
500 in. ounces. 





Hundreds of thousands of these 
motors are in use today on 
Rotisseries, Broilers or House- 
hold Ranges where a motorized 
spit is provided, Advertising 
Displays, Vending and Coin 
Operated Machines, Amusement 
Games, Automatic Television 
Tuners, etc. 


Motoresearch manutactures 
these motors in volume for im- 
mediate delivery. Tell us the 
motor requirements of your ap- 
plication and we will build to 
your product. Sample Motors 
built to your specifications will 
be shipped for your testing. 
Write for Gearmotor data sheet. 


ANY 

M ACH Comp 
ploneser” JUNCTION AVENUE 
RACINE, WISCONSIN 


Designers and Monutacturers of 


SPECIAL INDUCTION MOTORS 
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on the Flexon bellows. basically a flex- 
ible convoluted tube. Under an axial 
load it responds like a helical spring. 
Additional pages list design elements 
and types of flexible metal hose, listing 
typical applications and complete speci- 
fications. Illustrated case histories are 
included. Flexonics Corp. 
No. 150, 


A-C 1 6 TO 500 HP MOTORS—\-.-:: 
job-engineered motors, available wit) 
ratings from |, to 500 hp. can be 
provided by manufacturer with desire! 
electrical characteristics and a_ wide 
range of enclosures. Illustrated 12-page 
booklet describes and illustrates repre- 
sentative types. providing data on 
single-phase and = polyphase models. 
\dditional pages are devoted to  en- 
closures and cooling. mountings, and 
auxiliaries. Availability of Series 100 
motor line in rerated NEMA frame 
dimensions is announced. Howell Elec- 
tric Motors Co. 

No. 151, 


BALL-BEARING SCREW ASSEMBLIES— 
Offering operating efhciencies from 90 
to 98 per cent. manufacturer's ball 
bearing screw assemblies find wide ap- 
plications Wherever rotary motion is to 
be translated to linear or linear to 
rotary. The assemblies can be combined 
with electrical, hydraulic, mechanical 
or pneumatic mechanisms. and can be 
furnished in any size and in a complete 
range of lead and life requirements. 
Pointing out that each unit is specific- 
ally designed for the required job. 20- 
page illustrated booklet provides use- 
ful reference and design data. Saginaw 
Steering Gear Div... General Motors 
Corp. 
No. 152, 


SMALL SPECIAL-SERVICE A-C MOTORS 
—Small motors described in a series 
of data sheets are precision units for 
special-service applications. Custom- 
made. motors can be produced to con- 
form to such military specifications as 
MIL-M-7969 and AF-32590. The stepped 
series of eight lamination sizes allow 
complete coverage from small instru- 
ment to medium power duty. Data are 


provided on induction 


motors. In- 
cluding totally enclosed models. and 
motor alternators. The Hertner Elec- 
tric Co. 

No. 153, 


METAL NEWS—To be published — bi- 
monthly and distributed without charge. 
“Fansteel Metallurgy” is described as 
“a journal of information on the re- 
fractory metals tungsten, tantalum. 
molybdenum and columbium. Complete 





BALLS: 
MADE OF STEEL, 
BRASS, BRONZE, MONEL- 
METAL, STAINLESS STEEL 





HOOVER 


The Aristocrat of 
Bearin gs 


BALL BEARINGS: 


AMERICA’S ONLY 
BALL BEARING WITH 
HONED RACEWAYS 


HOOVER BALL 
AND BEARING COMPANY 
ANN ARBOR, MICHIGAN 
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UNUSUAL ...smaller, more 










reliable transformers made possible 


with Du Pont MYLAR* 


RES 


—s 






Se < 
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CHALLENGING to industry ... the almost unlimited opportunities 


Transformer Engineers, Pasadena, 
California, use Du Pont “Mylar” 
polyester film in transformer units 
for three different radars and two 
different guided missiles. The com- 
pany reports that ‘“‘Mylar,’’ in com- 
bination with epoxy resin, has helped 
save as much as 257, in weight and 
volume—also helps give their trans- 
formers longer life. 

Industry everywhere is finding that 
“Mylar,” the strongest of all plastic 
films, permits a wide range of new 
and improved products comparable 
to these revolutionary transformers. 
A tensile strength of 23,500 p. s. i. 
permits its manufacture in gauges as 
thin as 14 of a mil (0.00025 inch). 





for practical application of this versatile new film 


And “‘Mylar” hasadielectricstrength 
of 4000 volts/mil, is inert to the at- 
tack of many solvents and insensi- 
tive to moisture. Excellent thermal 
stability of this new film through a 
wide temperature range is an added 
plus. 

In a variety of fields, ranging from 
electrical capacitors to metallized 
fabrics, versatile Du Pont “‘Mylar”’ 


DU PONT 


MYLAR 


POLYESTER FILM 


REG. U.S. Pat OFF 


Better Things for Better Living... through Chemistry 


ane os ' : : 
Mylar” is the registered Du Pont trade-mark for its brand of polyester film 
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is making possible better producté 
. . . lower costs. With just a little 
research and imagination, you may 
be able to profitably link “Mylar” 
to your product. Mail the coupon 
for your free copy of a booklet that 
tells you more about ‘“‘Mylar’’ and 
the ways it may help you develop or 
improve a product. 


Street address 


City State 


| E. |. du Pont de Nemours G Co. (Inc.) 

| Film Department, Room 10EM, Nemours Bidg 
| Wilmington 98, Del 

Please send me sample and further information on 
“Mylar” polyester film. 

| Nome 

Firm 

1 
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What is 


* 
This space 
reserved for 
your relay 


* 


have solved many specific relay 
problems with no development 
or tooling cost to the customer. 
RBM has produced hundreds of 
thousands of magnetic relays 
from standard parts—designed 
and initially produced over seven 
years ago—to fulfill the need for 
dependable relays at low cost. 

The many variations of contact 


form and ratings, as well as ter- 


R-B-M DIVISION 





ESSEX WIRE CORPORATION Communication and 


Logansport, Indiana Automotive Industries 


tt 


~~ 
> 


R-B-M General Purpose Relays-- 


minal arrangements and mount- 
ing brackets, may well provide 
just the right relay for you. 
WRITE FOR BULLETIN 570 — 
or better yet, tell us your require- 
ments. Bulletin 570 shows only 
a few of the many variations. 
& 

Whether a single relay or a relay panel 
complete with wire assemblies and cord 


sets, RBM may help you lower your costs. 


Controls for Electronic, 
Refrigeration, In- 
dustrial, Appliance, 





PROBLEM? 









with illustrations, the 4-page external 
house organ contains short articles, 
question-and-answer department, and 
technical news and announcements, 
Fansteel Metallurgical Corp. 


No. 154, Reader | 
preceding back 


INSTRUMENT CURRENT TRANSFORM. 
ERS—Bulletin 365-1 provides data on 
Donut current transformers for indicat- 
ing meter service. Window openings are 
available to accommodate any conductor 
or combination of conductors normally 
encountered in industrial usage. The 
transformers provide a means of ex- 
tending the range of all types of in. 
dicating ammeters, and also isolating 
them from high-voltage circuits. As- 
sociated Research Inc. 


No. 155, Reader Inquiry Service C 
jing back ver 


precedir 


ELECTRONIC TIMING CONTROLS— 
Electronic delay timer, hermetically 
sealed and suitable for both industrial 
and military equipment, is one of a 
series of electronic timing controls de- 
scribed in a series of bound data sheets. 
Others include repeat cycle timers and 
interval timers, which are available in 
several models. G. C. Wilson & Co. 


rcle No. 156, Reader Inquiry Service Cards 
nreceding back r 


CAST COMPONENTS—Described in an 
illustrated brochure is the Ellis casting 
process, a‘ combination of the plaster 
mold and investment casting processes 
that make possible castings with as- 
cast cored surface finishes of 30 microin. 
Aluminum alloys and beryllium copper 
are the principal materials being cast. 
Available services and typical parts 
produced are described and illustrated. 
Howard Foundry Co. 
rcle No. 157, | r inqu rvice Cards 


INTEGRAL BRAKEMOTOR — Integral 
brakemotor utilizes the motor end- 
bracket as an integral part of the brake, 
making possible shorter overall length. 
Available in all NEMA frames from 
203 to 326, the brakemotor is shown and 
its features discussed in an illustrated 4 
page bulletin, No. 1550. Briefly de 
scribed is a gearmotor-brakemotor com- 
bination for applications in which a 
holding brake is required in combina- 
tion with a gear motor. The Louis 
Allis Co. 

Cir No. 158, Re« r erv Js 


FABRICATED PARTS — Custom-made 
components from sheet, rod and tube 
stock—as well as of laminated phe- 
nolics, Teflon, glass-based melamine, 
and other plastics——are available from 4 
fabricator with well developed tech- 
niques in pantograph-controlled milling 
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How many ways can you use 





United-Carr’s new self-locking, plastic nut 


is designed for blind application and can be 
used with all types of metal finishes without 
scratching or chipping the surface. Its plastic 
fingers provide rigid anchorage yet will not mar 
paint, polished metals or even porcelain. 
Inexpensive sheet metal screws cut their own 
threads and expand the nut’s fingers as they are 
driven, locking both nut and screw ughtly in 


PLASTIC “” NUTS 





Pt: 





. 


Neg 
a 
a 


place. Screws can be removed and replaced 
several times without damage to the nut. 

DOT plastic snap-in nuts are electrically non- 
conductive and provide a high degree of insula- 
tion against heat transfer. For all practical pur- 
poses, they also provide an effective vapor seal. 

Available in several styles and sizes. Write for 
full information and samples or contact your 
nearest United-Carr representative. 


UNITED-CARR FASTENER CORP. 


CAMBRIDGE 42, MASSACHUSETTS 


MAKERS OF 
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_— the Only COMPLETE 


COIL FORM SERVICE 
Available... 


A aay 
e ROUND TUBES 


PDE 
eS 


Pee) BS 


—. - SBI 


SQUARE AND RECTANGULAR TUBES aah 


Produced in any length, shape or size from 1," to 
8”, wall thickness from .010 to .125. Fabricated - Ee 
from dielectric kraft, fish paper, quinterra or com- SERVICE 
binations, including mylar. Bowed sidewall or 
Di-Formed construction. 


ROUND TUBES 


Produced in any decimal size up to 8” I. D. Fabricated 
from kraft, fish paper, cellulose acetate, mylar, polysty- 
rene, quinterra, fibre glass and other dielectric materials. 


RESINITE COIL FORMS 


These coil forms have the highest resistivity of any res- 
inated product. Furnished plain, embossed, internally 
threaded or triangular shape. . . also flyback trans- 
former forms. 


BOBBINS 

Supplied round, square or rectangular. Cores fabricated 
from any of the above materials. Metal, asbestos, plastic 
or fibre flanges. Constructed to fit smaller spaces and 
permit multiple winding. 


MANDRIL SERVICE 

Accurately ground steel and aluminum coil mandrils at 
cost economy comparable to commonly used undepend- 
able wood or undersized steel mandrils. 


FABRICATING SERVICE 


We have modern high speed equipment to provide you 
with any special shape or form . . . rolled, spun, flared, 
punched or formed to your particular requirement. 



































Ask about Precision’s complete coil form service. 
Request informative bulletin. 





PRECISION PAPER TUBE COMPANY 
2035 West Charleston Street, Chicago 44, Illinois 
Plant No. 2: 79 Chapel Street, Hartford, Conn. 


Representatives throughout United States and Canada 
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that eliminate expensive tooling and set. 
up on small quantities. Illustrated bro. 
chure point out availability of complete 
fabrication services. chemical and paint 
finishes, and marking. Fisher & Chrome, 


PRECISION SWITCHES— Among 
switches for control and indicating cir. 
cuits described in Catalog No. 655 are 
high-sensitivity, metal-cased. immersion. 
proof, and general-purpose types. Ad. 
ditional listings provide data on AN 
and JAN types. as well as on d-c and 
subminiature switches. Complete with a 
pictorial index, catalog contains photo. 
graphs, drawings and specifications for 
each switch type. and also describes 
available actuators. Unimax Div.. W. | 


No. 159, 


the 


Maxson Corp 
No. 160, 









REPAIRABLE PLUG-IN UNIT—RBasic 
Unistage unit. deseribed in an illy 
strated brochure, includes a black ano 
dized housing: number-identified com. 
ponent board with turret’ terminals; 
tube socket or sockets; base plug: and 
captive screw, tube retainer springs 
and other necessary small hardware 
The repairable subassembly — plug-ir 
units can also be custom-produced with 
the specified circuitry assembled. Tech 
nical Development Corp. 
No. 161, 


CERAMIC CAPACITORS — Availability 
of an integrated plant for mass-pro 
duction of ceramic capacitors is dis 
cussed and illustrated in a 24-page 
catalog providing specifications on tem 
perature-compensating disk capacitors 
general bypass types, special disk types 
and trimmer models. Also described are 
tubular feed-through and other tubular 
types, as well as printed networks and 
piezoelectric units. Solar Manufactur 
ing Corp. 

No. 162, R: 


QUALIFICATION TESTING—K acilities 
of a certified test laboratory specializ 
ing in environmental and_ reliability 
testing of electro-mechanical and ele 
trical equipment and components is 
the subject of an illustrated brochure 
listing available services. Rototest Labo 
ratories. 

No. 163, 






TOTALLY ENCLOSED AND EXPLOSION 
PROOF MOTORS—Engineered to new 
NEMA specifications, Type J (totally 
enclosed) and Type E (explosion 
proot) motors are designed for opera 
tion where dangerous fumes. dust. com 
bustible materials and moisture are 
prevalent. Illustrated brochure shows 
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NEW SOUND TESTING facilities, recently completed at the 
G-E Transformer Lab in Fort Wayne are designed to give 
you greater dependability for your transformer dollar. 


* a 
* 





ANOTHER SECTION of the G-E Lab is the electrical testing 
department. Here again, as in the noise and mechanical testing 
areas, your transformer quality is being assured. 


G-E Transformer Lab Helps You Design for 
Highest Quality at Lowest Possible Cost 


LET GENERAL ELECTRIC HELP SOLVE YOUR DESIGN PROBLEMS QUICKLY AND ECONOMICALLY 


General Electric has made new additions 
to its dry-type transformer lab; modern 
testing facilities established for the pur- 
pose of developing and producing trans- 
formers which will meet your design speci- 
fications at the lowest possible costs. Be- 
cause of this expanding production lab- 
oratory program, your toughest design 


problems can usually be solved with one 
of G.E.’s high quality standard lines. 

IN RARE EXCEPTIONS where a standard 
G-E transformer will not fit your require- 
ments, General Electric can still give you 
the most economical and highest quality 
transformer at the lowest possible price. 
No matter what your particular require- 


ments may be, « G-E Transformer can 
solve your problem. All you need do is 
‘“‘specify your circuit requirements.” 
FOR FURTHER INFORMATION sim- 
ply contact your nearest G-E Apparatus 
Sales Office, Distributor, or write Section 
410-12, General Electric Company, Sche- 
nectady, N. Y. 


GENERAL @@ ELECTRIC 


THESE THREE NEW General Electric dry-type transformers are 
more proof of the everyday efforts of the General Electric 













NEW CONTROL 
TRANSFORMER 






NEW TYPE ‘“‘D"’ 
TRANSFORMER 





Specialty Transformer Laboratory to develop the latest in mod- 
ern equipment to meet your most rigid design specifications. 








TRANSFORMER 






NEW V SLTAGE STABILIZING 
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(shown Y% size) 


GYROS_; Gyro Platforms, Floated 


Rate Integrating Gyros, Vertical, Free, 
Directional, Rate Gyros and Gyro opera- 
ted Rate Switches—compact, lightweight, 
hermetically sealed. 








(shown ' size) 


SERVO MOTORS — sigh co: 


que, low inertia Servo Motors, Servo 
Motor-Generators, Inertial and Viscous 


damped Servo Motors 4" to 14" Diam- 


eter 


(shown Y% size) 


ELECTRONICS-— Miniature and 


subminiature Servo Amplifiers and Mag- 
netic Amplifiers “‘potted’’ for convenience 
of installation and long life. 





Bulletin giving physical and technical 
data on the various Kearfort Products 
will be sent on request. The Kearfort 
organization is available to assist in 
the development and manufacture of 
other precision components you may 
require 


Midwest Office: 188 W. Randolph Street, Chicago, Ill. 












A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


‘KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. | 

Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


(shown actual size) 


SYNCHROS — Transmitters, Con- 


trol Transformers, Resolvers, Repeaters, 
and Differentials in Bu Ord Sizes 15, 11 
and 8. High accuracy and environmental 
resistance. 






(shown full size) 


MECHANICAL DEVICES 


Counters, Electro-Mechanical Computers, 
Hermetic Rotary Seals, Aircraft Instru- 
ments and High Temperature Resistant, 
Chemically Inert, Machinable Ceramics. 


SYSTEMS 


Aircraft Navigational 

Systems 

Industrial Servo Systems | 
Servo Analog-to-Digital, | 
Digital-to-Analog Converters 


Electro-Hydraulic Servo 
Systems 





Send For Technical Data Sheets 







earfjott 





how improved methods of manufacture 
and materials have resulted in higher 
electrical characteristics, closer toler. 
ances, and greater safety. U. S. Electric 
Motors, Inc. 

r No. 164, F 


SPECIAL PAPERS—Entitled “The Story 
of Mosinee.” picture-type brochure de. 
scribes paper-making, and points out 
company research, technical control and 
production facilities for papers custom. 
tailored for specific uses. Product list 
includes cable, coil, capacitor and trans. 
former papers. Mosinee Paper Mills Co. 
Circle No. 165, Reader Inquiry Service ards 


CONTROLS, RESISTORS—Typical resis. 
tors, controls and resistance devices 
listed in Catalog No. 55 are miniaturized 
wirewound and carbon controls, and 
a variety of flexible, adjustable, de. 
posited carbon, and plug-in tube-type 
resistors. Additional pages list constant- 
impedance controls, power resistors, 
and precision potentiometers. Other 
typical products include shafts for con- 
trols, rotary switches, and industrial 
products. Clarostat Manufacturing Co., 
Inc. 
No. 166, 


SLEEVES, BOOTS, PLIABLE PARTS— 
Fourteen different designs for sleeves, 
boots, and related pliable parts are il. 
lustrated in 2-page bulletin SPC-2. 
Made to order from a neoprene-base 
material, the pliable parts can be fabri- 
cated in all sizes and contours. The 
parts are said to pass service tests in- 
cluding Navy cold tests and aviation 
tests AMS-3272 and MID-5-7719. A&A 
Manufacturing Co.. Inc. 
: No. 167, | 


REFRIGERATION FILTER DRYERS—Six- 
point protection offered refrigeration 
equipment by Trap-Dri filter driers is 
reviewed in an illustrated brochure 
pointing out usefulness of the filter 
driers for sediment removal and moist- 
ure and acid absorption. Specifications 
are furnished for available sizes; the 
larger ones are available in refillable 
models. A-P Controls Corp. 
No. 168, Reader Ir r 


PORTABLE PHASE ANGLE METER— 
Two-page data sheet describes a self- 
contained, portable device that furnishes 
a direct way of checking relay and in- 
strument connections. Showing phase 
relation between current and _ voltage 
in the element of a meter or relay, the 
portable phase angle meter is useful 
in checking over-current relays, differ- 
ential relays, and similar devices. Vol- 
tage ranges: 60, 120, and 240 volts. 
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TS— New CuC.ap* copper-clad laminate offers unequalled bond strength, heat 
 & resistance, solderability, punchability, electrical performance! 
re lk ° . e . ee . ‘ . 
PC.2 Here’s the foil-clad laminate you’ve been waiting for! It’s CuCLap LAmIcoi® 
-base —made possible by an entirely new concept in bonding material, specially 
fabri- designed equipment developed exclusively by Mica Insulator Company. This 
The new bond and unique bonding method give you unequalled performance that’s 
a consistent and dependable from sheet to sheet, lot to lot. *Trade-mark 
jation 
A&A You get all these advantages: 
: A STRONGER BOND WHICH Won Ar THESE TYPICAL PRODUCTION RUN 
IMPROVES WITH AGE AND HEAT SOND STRENGTH—Guaranteed min: 6 Ib.; avg 
BETTER HEAT RESISTANCE ? Ibs. (90° peel at 2 Ibs/min.) | 
Six. BETTER REACTION TO HOT SOLDER 3OLDER TEST—Guaranteed no blisters @ 230- 
are BOND ELECTRICALLY EQUAL 240° C. for 10 seconds, 1” square floated on 
ration | molten solder 
ers is TO LAMINATE HEAT RESISTANCE—Guaranteed no change at 
: IMPROVED ARC RESISTANCE = Cc. Soe Va hour in air-circulated oven, ait 
chure BILITY ow parallel to specimen 
filter oir oh peaeagag PUNCHABILITY—Excellent 
moist: | ao SURFACE RESISTIVITY, megohms 
oe and CuC.ap LAMICOID Is ¢ ompetitivel) CGS IO iach ssecrcscssetrs cece cmivicesits 7.3 x 104 
ations iced! 5 VOLUME RESISTIVITY, megohm ¢ cm, 
the priced: C-96/35/90 : 37 x 108 
llabl CuCriap LAmicor is available NOW, WATER ABSORPTION 
able : aa a 1/16” th., E-1/105 + D-24/23 
in several grades. ‘Tell us your require- Siac 0.1% 
ments or problems—or ask to have a emo + Ser 0.7% 
Mico Sales Engineer call. 
TER— 
self- 
nishes 
nd in- 
pha | MICA nulla COMPANY 
oltage 
: the Schenectady 1, New York 
useful Offices in Princtpal Cities 
iffer- 7 . . " 
= In Canada—Maicanite Canada, Ltd., Granby, Quebec 
volts. | 


LAmiCom 8 (Laminated Plastic) * MICANITE ® (Built-up Mica) eempine © (Coated Fabrics and Papers)e FaAsRiCATED MICA @ |SOMiCA @ 
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The most advanced developments in 

electronics are being made in the 

sphere of airborne radar and related 

ground control systems because of 

military emphasis. Further applications of 
electromechanical techniques in these fields are 
creating new openings in the Systems 

Division of Hughes Research 


and Development Laboratories. 


Engineers who have demonstrated ingenuity and inventive ability 
will find interest in areas of work that call for devising reliable, 
maintainable, manufacturable designs for precision equipment 
developed at Hughes Research and Development Laboratories. 

The desizn of this equipment, manufactured at Hughes, in- 
volves mechanical, electromechanical, electronic, microwave and 
computing problems. Design also requires the use of such 
advanced techniques as subminiaturization, unitized “plug-in” 
construction, with emphasis on design for volume production. 
Knowledge of electronic components, materials, finishes and mili- 
tary specifications is useful. 












Scientific 
Staff Relations 
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HUGHES #3 *#% 
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» », 
RESEARCH i. gal 
ity, 
. ' - x 
AND DEVELOPMENT GER: Los Angeles A 
LABORATORIES fur County, ' # 
PA) California 3 
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Current ranges: |b. 2.5 and 5 amp. The 
Eastern Specialty Co. 


No. 169, 


HIGH-SPEED SILVER-PLATING PRO. 
CESS—I llustrated 


scribes high-speed silver plating process 


I-page booklet de- 


that produces deposits in a wide range 
of industrial applications at thicknesses 
from 0.020 to 0.060 in. or higher. Sel. 
Rex Precious Metals. Ine. 

No. 170, 


VARIABLE-PITCH SPACE WINDER~— 
\utomatic variable piteh space winder, 
Model 318-AM. is) described on one 
side of a catalog sheet providing in. 
formation on types of windings. may- 
imum OD of coil, maximum coil length, 
winding speed. and related data. Design 
features of the unit include a new push- 
button electromagnetic clutch release, 
Sheet also illustrates and describes 
Model WS-1 wire insulating equipment. 
Geo. Stevens Manufacturing Co.. Ine, 
No. 17], 


PRECIOUS AND NON-PRECIOUS LAMI- 
NATED METALS, PARTS 


of laminated and solid precious metals 


Manufacturer 


since 1898 describes in an illustrated 
8-page brochure available facilities for 
producing precious metal alloys and 
forms of laminated sheets. and laminat- 
ed or solid wire, and tubing. General 
Findings and Supply Co. 

No. 172, 


MAGNETIC TAPE RECORDING MECH- 
ANISMS Digest No. PD-18. 


illustrates and describes magnetic tape 


Project 
recording mechanisms developed — by 
company for recording and playback 
applications in collecting data aboard 
aircraft and missile vehicle under test 
Cook Research Laboratories Div. o! 
Cook Electric Co. 
No. 173, 


ROD PARTERS—H ourteen-page manual 
illustrates how manufacturer's Rod 
Parter cuts round, square. rectangula 
and hexagon bar stock without rough 
edges or burr. Types of steck that can 
he parted include cold relled steel! 
chrome molybdenum. stainless — steel 
full hard copper. brass. aluminum and 
other bar stock. Specifications for both 
hand and power-operated units are 
listed in tabluar form. O’Neil-Trwin 
Manufacturing Co. 


No. 174, 


TESTING FACILITIES— Forty-page bre 
chure describes in detail the qualifica- 
tions. personnel, equipment and facili 
ties available at a laboratory providing 


the government and industry with 2 
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OF THE MOST PRECISE EQUIPMENT 


Spur, bevel, spiral, hypoid, zerol, helical, worm 
gears ... anti-backlash gears . . . differentials . . . 
gear trains ...complete computers, Atlas “‘pre- 
cisioneers’’ them all to the most exacting specifi- 
cations of electro-mechanical equipment. 

Fine gears of all types and the modern equip- 
ment to make them are just one phase of the com- 
plete facilities of Atlas. Whether your product is a 
specialized part for electronic equipment or a com- 
plete electro-mechanical assembly Atlas will engi- 
neer precision assemblies and components to your 
requirements. 


Atlas design, production and methods engineers, 
toolmakers and skilled mechanics work right along 
with you on a job basis. Every modern cost- 
cutting tool and technique is at your service .. . 
plus quality control, functional testing and modern 
electronic recording gear checking equipment. 

From idea stage to production efficiency Atlas 
“creative engineering’? can help you get your 
product underway quicker and at lower costs. 
Write today for booklet ‘‘Precisioneering Electro 
Mechanical Equipment.”’ Atlas Precision Prod- 
ucts Co., Philadelphia 24, Pa., (Division of Pru- 
dential Industries). 
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POLYSTYRENE CAPACITORS 


for 
Capacitance 
Stability 


Polystyrene Capaci- 
tors are unexcelied 
for integrator cir- 
cuits, filter net- 
works, coupling ca- 
pacitors and stand- 
ard capacitors 
where these elec- 
trical characteristics 
Gre required: 


Write for our new, completely illustrated @ Ultra Coppmence © ay high Q 
e stability with life @ Low temperature co- 
catalog om your company letterhead. @ Very low dielectric efficient 
ca . absorption @ Excellent retrace 
Send us your specifications @ Very high resistance characteristics 


© Plastic Film Capacitors * High Voltage Power Supplies * Pulse Forming Networks 


y 
iz ae To Tera ee 


2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 












Get smoother... 


tighter windings 
with new 


ELECTRO BI-GLAS 


Withstands high ambients which exclude 
use of bias varnished cambric 










rhis Class B insulation retains its superior 
electrical qualities even after elongation 
Stretch it... bend it . . . shape it around 
irregular contours—the dielectric strength 
of new Electro Bi-Glas is unaffected. Lap 
it without coning or forming air pockets. 
Excellent resistance to oils, acids, mois- 
ture, fungus and ozone. Thermal stability 
enables it to withstand higher ambient 
temperatures. Convenient tape form for 
fast wrapping of coils, spiral wrappings, 
cable splices and terminal connections. 


SPECIAL INSULATION FOR ELECTRONIC APPLICATIONS 


SIL-THIN and SIL-THIN-BESTOS—Extra thin high 
temperature insulation. 


STICK-GLASS*—Class B cloth or tape with adhe- 
sive backing. 


ELECTRONIC BOARD—Heat-activated, resin-coated 
Kraft Paper 


SIL-GLAS—Class H sheets or tape 


ELASTOMERIC FIBERGLAS—Highly water repellent 
Impregnated and coated with silicone rubber. 


ACTO-GLAS—Woven Fiberglas cloth preimpreg- 
nated with polyester or silicone resin. 


RESEARCH LABORATORY SERVICE 
If you have a special insulation problem, 
we'll gladly help work it out in our mod- 
ern, fully-equipped research laboratories. 

SAMPLES AVAILABLE 

For complete data and samples, address 
Dept. 11-102 
*® Owens Corning Fiberglas Corp 
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A Division of 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN + HUDSON + WILLEY (paints, maintenance and construction materials, industrial coatin s) ° 

WARWICK (textile and industrial chemicals) > WARWICK WAX (refiners of specialty waxes) » RUTHER- 

FORD (lithographic equipment) » SUN SUPPLY (lithographic supplies) * GENERAL PRINTING INK (Sigmund 

Ullman + Fuchs & Lang * Eagle * American + Kelly » Chemical Color & Supp!y Inks) * MORRILL (news inks) 

* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) + PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 






Chemica! Corporation 





Electro-Technical Products 


Nutley 10, New Jersey 
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testing facility capable of conducting 
the full range of military environmental 
tests for components. Inland Testing 
Laboratories. 

No. 175, Rea 


ROLLER BEARINGS—An improvement 
in Tru-Rol roller bearings pointed out 
in an illustrated 38-page catalog is the 
100 per cent adoption of “crowned” 
rollers, a process relieving high stress 
areas at the roller ends. The bearing 
line has been expanded to include bear. 
ings with self-contained roller assem. 
blies (segmented retainer) and _bear- 
ings with a full complement of rollers, 
Roller Bearing Co., Ine. 

No. 176, Reader 


THERMOCOUPLE CONNECTORS 
cifications Sheet 56 describes AN ther- 
mocouple connectors providing a quick 
detachable connection for one or more 


Spe- 


thermocouple circuits. They consist of 
mating plug and receptacle assemblies 
keyed to prevent incorrect assemblies 
Industrial Div., Minneapolis-Honeywell 
Regulator Co. 


No. 177, Ré Cards 


ervice 


COMMERCIAL BLIND RIVETS—How 
the TC rivet can be used for economical 
fastening in appliances, communications 
equipment, machinery and other prod- 
ucts is the subject of an illustrated 6- 
page booklet. An assembly of two parts 

a hollow rivet and an inner member 
or steel drawn into or through the hol- 
low rivet—the fastener is installed by a 
special tool that engages a pulling head 
on the rivet stem. Available types are 
reviewed and specifications provided. 
Case histories are included. Townsend 
Co. 


No. 178, r y 





Conductive Coating for 
Aluminum — A Correction 
Through an inadvertent error, incorrect 
of 6085 60.000 
were given for the average and max) 
mum of clean 
aluminum after salt spray exposure in 
the table of the article, “Conductive 
Coating for Aluminum,” page 106, June 


values and microhms 


d-c contact resistance 


issue. 
The correct resistance values are 4s 
follows: 
6.085 x 10® microhms (average) 
60,000 x 10° microhms (maximum) 
The remainder of the values given 
in the table are correct. 
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shape 





be 
quality 
fastener? 


Here is a handful of ELASTIC STOP® nuts. Each has ESNA’s 
familiar red locking collar . . . is self-locking and vibration-proof. 
Each is a readily assembled, one-piece unit. Each provides positive 
protection against thread corrosion . . . prevents liquid seepage 
along bolts. Each is made from the finest of raw materials. Each 
is exactly controlled as to finished dimensions, class of thread fit 
and finish. Each is now in use on critical applications, with a record 
for uniform high quality that is unmatched. 


Most of them are standard parts. Some originated as the result of 


a specific request for ESNA’s help with an important fastening 
problem. 


Isn’t it logical to call on us with your next fastening problem? 


ELASTIC STOP NUT CORPORATION OF AMERICA 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Elastic Stop Nut Corporation of America 
Dept. N62, 1022, 2330 Vauxhall Road, Union, N. J. 
Please send the f ; fous ' . infocmahol 
{[] ELASTIC STOP nut bulletin [CD Here is a drawing of our product. 


What self-locking fastener would 
you suggest? 
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Speed variation up to 8 to 1. 

Mounts in any position. 

No adjustable motor base. 

Operates on fixed centers. 

LOW COST—Saves 40% compared with 
conventional motordrives. 


Offers up to 4 to 
1 speed varia- 
tion. 

V to V drive. 
Exclusive design permits V-belt to 
travel on fixed center line. 

Easily installed. HP ranges fractional 


through 20. 
Woe We 


For frac- 
tional HP re- 
quirements. 
Uses ‘‘A’’- 
section 
V-belt. 








_ Up to 2% to 1 speed ratios. 
List price low as $5.40. 3 sizes. 
An efficient and low cost method of 
adding variable speed. 


Complete selection standard variable 
speed belts, standard and countershaft 
adjustable motor bases, companion 
sheaves, and flexible couplings. 


Write for 30-page Catalog 


Gubing TXT 


Northbrook, Ill. 


(A Suburb of Chicago) 


aerate nem eee 


Editorial Reprints 





\s manuscripts are projected for pub- 


\s bers indicating the reprints desired. 
lication in 


issue of lf multiple quantities of these re. 


each ELECTRICAI 
Maxturacrurinc, the board of editors prints are desired, the rates to govern 
determines which editorial articles are are indicated. Remittances must. ae- 
to he made available to readers in re- 


print form, 


company all orders. Larger quantities, 


special quotation. 


\vailable reprints of articles in this 


and previous issues are briefed here. ~~ ~~ ~~ . ~~ 
\nv regular ELecrrican MANUFACTUR- " Cost of 
ING reader qualifies for one copy of all Single Subject Reprints 
single-article reprints. without charge. Vo. of Vumber of pages 

ao Reprints 1-12 16-32 
lhe numerals shown in reprint list- l Gratis Gratis 
ings correspond to the numbers shown 5 $2.00 $3.75 
on postcards incorporated in the Reade: 10 350 6.00 
Inquiry Service Cards facing back cove: 95 750 12.50 


page. Readers should circle those num- 


a a a ee ne ce ee seme | 


ence 


REPRINTS NOW AVAILABLE Correcting Meter Readings on Servo 
and Gyro Motor Tests, September 
1955, 8 
order when the power consumed by 
the meters is substantial compared 


to the motor loads, as in the case 


Evaporative Spray-Tower Technique pages. Corrections are in 
for Electronic Equipment Cooling. 
October 1955, 12 pages. A new 


system of cooling developed by the 


Navy is described. Simultancous of small instrument motors. Forms 
heat and mass transfer is utilized developed at M.L-T. routinize the 
als the means for removing heat. otherwise tedious calculations (228) 

(229) Current-Rectifying Devices, Septem- 


ber 1955, 20 pages. As a selection 


5 guide, this comprehensive. staff re- 
New Developments in Shaded-Pole ' 


Motors, October 1955, 8 pages. 
Based on interviews with 21 motor 
manufacturers, this report covers 


port has been prepared to provide 
the user with comparative operating 
data on all types of power rectifiers 

vacuum, gas and mercury tubes; 


improvements in the characteristics 
of one of the most widely used 
electrical Although 
low cost is still the greatest benefit 
ottered by the shaded-pole motor, 
the equipment designer can look 
forward also to higher efficiencies. 
better power factors, longer bear- 
ing life and 
sions. 


components. 


dimen- 
(230) 


standardized 


Analog Computers for Machine Con- 


trol—Parts I and II, August and 
October, 1955, 20 pages. Points out 
the possibilities created by exten- 
sive military research and develop- 
ment programs that have made a 
rich store of computer technology 
and proven components available 
to the equipment designer. Once 
basic principles are understood, the 
design of computer controls be- 
comes largely a matter of arranging 


off-the-shelf building blocks. Ar- 


ticles explain workings of basic 
components and describes how 
servos perform individual mathe- 
matical operations. (231) 


Wiring Harness Practices, July 


selenium and copper-oxide metallic 
rectifiers, and the newer germanium 
(227) 
1955, 
recommended 
practices for the layout, tieing and 


silicon types. 


{ pages. Describes 
installation of wiring harnesses and 
shows how careful design can fa- 
cilitate testing and inspection and 
Standards for Insulation, Motors, 
improve service reliability of equip- 
ment. (226) 


Principles of Electronic Circuit Pack- 


aging, August 1955, 12 pages. Based 
on Signal Corps development con- 
tract, the authors describe the de- 
sign and application of four basic 
systems for circuit packaging and 
integration of printed wiring assem- 
blies, particularly applicable to auto- 
matic production. Thermal dissipa- 
tion is major design consideration. 


(225) 


European Developments in the Dielec- 


tric Field, August 1955, 8 pages. 
Report summarizes progress in ace- 
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Continuous Coils 
Cut Production 





Costs 


TRUELEX Thermostat Metal Coils Over 
’% Mile Long in One Piece Simplify Fabrication 
and Reduce Costs in Thermal Element Manufacture 


The problem... to obtain thermostat 
metal strip in a series of types having 
sufficiently uniform dimensional con- 
trol and temperature response to be 
fabricated into finished parts on auto- 
matic machines. 

The solution .. . Step 1; the consist- 
ent quality of each type of TRUFLEX 
tested quickly demonstrated that mass 
production by machine was fully prac- 
tical for all types. 

Step 2; General Plate Division then 
supplied the required types in long 
coils 3 feet in diameter with center hole 
to fit the customer’s automatic ma- 
chine arbors. Each coil is a continuous 
piece 1800 feet long, by 0.040” thick 
and 0.250” wide. 

These coils save the customer many 
dollars by minimizing idle machine 


time and eliminating costly waste of 


material in fabrication. 
If your products require temperature 


control .. . indication or compensation, 
the accurate performance and uniform 
high quality of TRUFLEX Thermostat 
Metals will save you money too. 
Here’s why! General Plate Division 
uses advanced producticn methods, 
combining the best equipment available 
with years of manufacturing ‘‘know 
how’’, to insure positive consistence in 
thermal and mechanical performance of 
TRUFLEX Thermostat Metals. 





General Plate Division will fabricate GENERAL PLATE ELECTRICAL 
parts from TRUFLEX to meet the spe- CONTACT KIT 
cific mechanical and electrical perform- FOR LABORATORY 


: : v 
ance demands of your particular appli- > a 


cations. Or, if you prefer to make your _ Kit K1!1 contains a wide as- 
own parts, General Plate Division will sortment of silver rivet con- 
° - . 12 ss 
supply TRUFLEX Thermostat Metal in tacts; Kit ee 
strip to meet your specifications. Cre REN: Sane oe 
. tacts. Also included are metal 
Write today for your copy of the new ceniheseitaietndahamail 
oe nex The tak. Mabel Cotelan strips for fabrication of contact 
TRUFLEX 1ermostat etal Catalog. parts. These kits are available 
Engineering assistance available with- at nominal cost. 
out obligation. 


METALS & CONTROLS CORPORATION ee 
GENERAL PLATE DIVISION You con profit by using 


410 FOREST STREET, ATTLEBORO, MASS. 


RRADE INOLIRY SERVICE CARDS, PRECEDING BACK COVER 


General Plate Composite Metals! 
Ae eileen kta RONEN MALEGAON TET 
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Custom PLAIN CORE HOLLOW CORE THREADED CORE SLEEVE CORE 














kk 
be Iron Cores : ik | | 
re) to your X 
if © Q : 
Specifications d ‘= , 
» ‘ 
TOROIDAL IRON CuP TUNING 
INSERT CORE CORE COIL FORM CORE CORE 


Regardless of your requirement, we can supply a full 
line of custom iron cores in a variety of sizes and shapes 
for many applications . . . designed for your needs. 
Send us your problems. 


RADIO CORES, INC. 


has Everything 


xe bas 





The Original ,  ® é , 
4 3 *.. 
E Engineered f = . 
Es ’ 3 + 
) Economy * A Ne 
Iron 
Cores We originated the ways and means of providing 


ENGINEERED ECONOMY“IRON CORES at money saving 
prices and from stock. Over 14 types are available to 

bors : cover most insert and threaded applications. 
* TRADEMARK 


Complete 
Engineering 
Service 





We are the world’s largest producers of iron cores 
because we employ the largest, most experienced and 
most efficient engineering department to enable us to 
design, produce and suggest iron cores which will do 
the best job for you. 


Write today ... tell us your problems... 
you'll be glad you did. 


PRY UMM Cm VC La es 
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tate paper, epoxy casting resins 
epoxy-impregnated mica paper, | 


polyurethane magnet wir enamel] 


and foam-type polystyrene, also de. 
scribes special equipment for ex. 
truding helical multicolored poly. 
vinyl chloride wire _ insulation, 


(224) 


Flexible Couplings for Motor Drives. 


July 1955, 8 pages. Operating prin- 
ciples and selection factors of some 
principal types are presented in this 
review. Many design variations are 
to be found in these basic types, 
all intended to compensate for lim. 
ited misalignment resulting from 
poor mounting of motor and driven 
member, wear, thermal distortion 
and load deflection. (223 


Design of D-C Tractive Electromas. 


nets, July 1955, 12 pages. Simplified 
method for designing electromag. 
nets using curves plotted from data 
on variety of practical magnets 
Intended for the occasional de. 
signer. Typical problem is solved 

(299) 


Relays in Electron Tube Circuits, July | 


1955, 8 pages. Describes how relays 
are used in conjunction with vacv- 
um and gas-filled electron tubes to 
obtain advantages of both. Typical 
circuits are discussed. (221) 


Effects of Water Immersion and Hv. 


midity on Thermosetting Laminates, 


July, 1955, 12 pages. Results of | 


evaluation program, _ including 
graphs and tabular data by Mate. 
rial Laboratory, New York Naval 
Shipyard, on Navy grades of phen 
olic, glass-laminate and glass sili- 
cone laminates under various test 


conditions. (220) 


Printed Circuits Have Versatility Plus, 
June 1955, 8 pages. Review | | 


printed circuit applications outside 
of the strictly electronic field 
Switches, strain gages, inductors 
and transformers, airplane deicers 
and wiring hammesses using this ver 
satile construction method are dis 


cussed. (219 


Application Factors for Two-Phase 


Servo Motors, June 1955, 12 pages 
Discussion of the operating charac: 
teristics and the principles of opera- 
tion of two-phase induction motor 
used as control elements in feed 
back systems. A minimum of math 
ematical analysis is employed. (218) 


Impact of High-Energy Radiation 00 


Dielectrics, June 1955, 20 pages 
In a special staff report basic facts 
of high-energy radiation are given: 
research programs are summarized 
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charac- Robertshaw-Fulton Controls Company 
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ALSO NEW! “soft Wound 
Spools — a Resinite exclusive 
- insure delivery of even thin 
wall tubing without flattening 


Simplify your vinyl sleeving 
requirements with one grade 


We E “ fi 





VINYL INSULATION SLEEVING 
for MIL-1-631B 





FOR GENERAL PURPOSE USE 


Brand new Resinite EP-69A embodies all the necessary 
properties for a “general purpose” insulation sleeving . . . 
good dielectric characteristics, oil resistance, a wide. 
effective temperature range and a satisfactory price. 


FOR SPECIFICATION USE 


Resinite EP-69A is designed specifically to exceed all 
requirements of specification MIL-I-631B (Type F, Form 
U, Grades A and B, Class I and II, Category 1 and 2). 
It provides a working temperature range from —48°C to 
+90°C and a dielectric strength of 750 volts/mil. In ad- 
dition, it is corrosion, fungus, oil and flame resistant 
beyond specifications. 


Simplify your vinyl sleeving requirements with one grade 
—Resinite EP-69A. Write for samples and _ perform- 
ance data. 


: esinite Ag 
Vv 


hia hiatal gris TL Be ed 2 ee pages 


ALISTS im VIMY S00. De Lee ee) ee eee i eee me im aia 





Soldered Connections, 


specific radiation-resistance data on 
various dielectric materials are tab 
ulated: design factors and_tech- 
niques are analyzed. Overall im- 
pact of nuclear power and radio- 
active devices on design is dis- 
cussed. 217) 


Progress in Electron Tube Reliability, 


May 1955, 12 pages. Report on 
means used to determine tube de- 
ficiencies in variety of difficult ap- 
plications and how numerous de- 
sign changes affected much im- 
provement. (216) 


Guided Missiles Make New Demands 


on Relays, May 1955, 12 pages. 
Report on the Third National Con- 
ference on Electromagnetic Relays 
at Oklahoma A. and M. College 
stresses the rugged environments 
imposed by guided missiles and 
notes status of standards move- 
ment. (215) 


High -Potential Dielectric Strength 


Testing, May 1955, 12 pages. De 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments 
available. (214) 


Transistor Switches Improve Mag- 


netic-Amplifier Performance, April 
1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation 
resembling that of a mechanical 
rectifier, provide the desirable com- 
bination of low leakage and low 
forward drop. (213) 


Miniature Photocells, April 1955, & 


pages. Review of commercially 
available cadmium sulfide and lead 
sulfide photoconductive cells. They 
are virtually insulators in darkness 
and conductors under light by a 
factor of 100,000. Very small 
quantity needed for useful photo- 
cell. (212) 


Embedded Circuits and Components, 


April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation 1s 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. (211) 


November 
1954, 4 pages. Repeated requests 
for quantity reprints of this practical 
article on soldering methods and 
the recognition of common defects 
led the editors to make copies avail- 
able on individual request. (210) 


Practical Approach to Magnetic-Am- 


plifier Design, March 1955, 12 
pages. A method is described in 
step-by-step detail for designing 
magnetic-amplifier circuits without 
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KING 


three products 


where finish is a must... 


so CLINTON chose Kux 







DIE CASTING MACHINES 


lo gel harauare firish guildlj casiéege 


Every sales manager has told his production department 
at one time or another, “The product’s fine, but you've 
got to dress it up.” 

At which time the production man starts talking about 
increased costs. 

But many manufacturers have found they can “dress 
up” their products, and at the same time, /ower manu- 
facturing costs. 

The Clinton Machine Company, Clinton, Michigan, did 
Just that. ‘We use Kux Die Casting Machines in the manu- 
facture of approximately 60% of the component parts of our 
Clinton engines, chain-saws and outboards. 

“We chose Kux because our standards require machines 


that give us a dense, hardware quality finish with cast- 


ings to close tolerances. The efficiency and low maintenance 
costs of Kus: Machines have cut our production costs sharp- 
ly, too,” says R. E. Porter of Clinton Machine. 

KUX produces a full range of modern die casting 
machines that require only the touch of an electric 
button to put them automatically through a complete 
casting cycle at high production speeds. Kux engineers 
will be glad to show you how die casting machines can 


serve you, or write for an illustrated catalog. 


MODEL HP 37 ILLUSTRATED 


Hydraulically operated die casting machine for 
production of aluminum casting weighing up to 
10 pounds. 


Kux MACHINE €OQO. 6725 NORTH RIDGE AVENUE « CHICAGO 26, ILLINOIS 
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“powder to part” 


Quality Controlled 
Fluorocarbon 
Plastics 


U.S.G. quality control extends 
through every operation in 
the fabrication and custom 
molding of parts from duPont 
TEFLON, Kellogg KEL-F and 
BAKELITE fluorothene. 


This quality control insures 
uniform electrical, chemical 
and physical characteristics of 
the highest quality. It also as- 
sures uniform density and di- 
mensional stability permitting 
superior accuracy and depend- 
ability in the finished part. 


Get the advantages of these 
fluorocarbon plastics at their 
best. Whether your require- 
ments are for sheets, rods, 
tubing, tape, bars, cylinders, 
beading, electrical spaghetti, 
or parts extruded, molded or 
machined to your specifica- 
tions .. . see U.S.G. 


Write for Bulletin No. 300. 


UNITED STATES GASKET COMPANY 
Camden 1, New Jersey 


FABRICATORS OF 


FLUOROCARBONS & OTHER PLASTICS 


Representatives in principal 
cities throughout the world 




































resorting to complex mathematical 


procedures. (209) 


Wafer-Coil Technique for Transform- 
ers, February 1955, 4 pages. Slit 
rolled foil method eliminates many 
hand operations in transformer pro- 
duction. Conductors may be equiva- 
lent to very fine wire. (208) 


Stainless Steel Finish Effects, January 
1955, 8 pages. Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fin- 
ishes obtainable on stainless sheet 
and strip. (207) 


Nomographs as Engineering Work- 
sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 
justified. (206) 


New Molding Processes for Printed 
Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-molded capacitors). Tech- 
niques developed at the Diamond 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
units described. (205) 


Research Progress in Dielectrics 1954, 
December 1954, 12 pages. First 
hand summary and interpretation of 
Conference on Electrical Insulation 
reported each year by ELECTRICAL 
MANUFACTURING. (204) 


Noise Measurements, November 1954, 
12 pages. Review of the funda- 
mentals of sound and noise meas- 
urements with particular reference 
to the development of a test code 
tor unit heater fans. (202) 


Insulation Classification, November 
1954, 12 pages. A_ classification 
table for insulating materials is in- 
cluded in the report, “International 
and Components,” covering the 
1954 meeting of the Interna- 
tional Electrotechnical Commis- 
sion. (201) 


Multiple Reprints 


Multiple Reprints (reprints or com- 
pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 


by remittances. Large quantities, 


special quotations. These multiple, 
reprints are listed by titles, immedi- 


ately following the single article 
reprint listings. Address: John A. 
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954, 

nda | PRECISION PRODUCTS Many years of independent research in 

aan: i recessed head design provide definite money-saving advantages to 

ina users of Central’s “perfect impression” of the famous Phillips head 

ae fastener. Centralized recesses, slotted to burr-free hairline tolerances, 

7 — : YU are perfectly aligned with the driver to start right and seat tight with- 

202) | O out wobble or overdriving. 

mber SALES ENGINEERING Whip the penalties of improper Phillips 

ation | recessed fastener driving now and forever! Call in the nearby factory- 

is in- trained Central man. He will giadly submit specific recommendations 

ional for prevention of costly surface disfigurement to insure mar-free as- 

the semblies of finished products. 

sand 3 COMPLETE FACTORY STOCKS—write --wire—phone or tele- 

ims ‘ z . i a 

201) x * type Central at any of the three addresses listed below for quick deliv- 
ery of Central Phillips Recessed Fasteners from complete stocks of 
standard items. 

com- LOS ANGELES, CALIF.  §<~ CHICAGO, ILL. 

: i ~f 

yined ——— 

same | $ =i el 

le at PLANT No. 2 PLANT No. 1 = 

each 
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3501 SHIELDS AVE., CHICAGO 9, ILLINOIS 
3028 E. ELEVENTH ST., LOS ANGELES 23 , CALIF. © 149 EMERALD ST., KEENE, N.H 





TURING READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Campbell, Director Reader Service. 
ELECTRICAL MANUFACTURING, 1250 
Sixth Avenue. New York 20, N. Y. 


Electrical Insulation and Dielectrics— 
1955, 136 pages. A compilation of 
the most important articles selected 
from recent issues of ELEcTRICA 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons. 
results of special evaluation pro- 
grams, among other subjects. $3.00 


dss 


SOCATEC 


Applying Magnetic Amplifiers, 72 
pages. Multiple Reprint No. LA. 
Second edition of this popula 
booklet has been expanded to in- 
clude more recent feature articles 
in addition to the series by Dorn- 
hoefer and Krummenacher. For an 
annotated list of contents see Jan- 
uary 1954, page 286. $2.00 


SESE SE LE SOREL E EE) 


Designing Servomechanism Systems, 
96 pages. Multiple Reprint No. 5. 
Thirteen feature articles or related 
phases of design of feedback con 
trol or servo systems and servo ap 
plications, including the series of 
four articles by Herst. For a com 
plete list of the contents of this 
booklet see April 1954, page 3558. 

$2.50 


SEND TODAY for Kester’s new 78. 
page informative textbook “SOLDER 
- +» Its Fundamentals and Usage.’ 






Printed Circuits, 71 pages. Multiple 
Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates. 


Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
ae sociated assembly methods. For an- 


notated list of articles see page 332 
of the June 1954 issue. $2.00 


Multiple Reprints at Quantity Prices 


Constant solder alloy control and consistent flux formulae Since handling expenses is a signifi- 
combine ake Keste . , cant cost element in the distribution 
e to make Kester Flux-Core Solder the type of pro- of these Multiple Reprints, grouping 


duction “tool” that wins great popularity. And such popu- of orders make possible substantial 
io 3 Dia tiea - © ‘or sing 
larity means a full spool of Kester disappears in a hurry savings in cost per copy. For singh 
because it’ : ’ shipments to one address, on orders 
use it's practical to use on every soldering operation. accompanied by remittance, the fol 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 2 8 
Servo System Design 2 Of 
Magnetic Amplifiers oo 1 
Printed Circuits a AO | 


C O M PA NY 4209 Wrightwood Avenue, Chicago 39, Illinois Prices given above include shipping 


Newark 5, New Jersey * Brantford, Canada aa, — 
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meet the need for 


permanent 


electrical 
insulation 


For sustained electrical insulation in the presence of 
heat, flashover, chemicals and acid fumes... you can 
depend on Electrical Porcelains. 

A compound of inorganic materials—various types 
of clay, feldspar, and flint—fused in the kiln— 
Electrical Porcelains stand up under severe service 
conditions. They do not lose their inherent electrical 
insulating properties. 

Repeated flashover, for example, does not injure 
Electrical Porcelain. Arcs over porcelain do not leave 
carbon tracks. The softening temperatures of 
porcelains are between 2500 F. and 2700 F. 

Electrical Porcelains are inert to most chemicals and 
corrosive vapors. This means that parts may be 
placed in proximity to soldering or brazing without 
danger from flux vapor absorption. 

Design flexibility—the matching of properties with 
specific application requirements—is provided by a 
wide range of special formulas. Any of the companies 
listed below will be glad to consult with you on 
your insulator problems, preferably before designs 
are finalized. 





Sponsored by these members of the 


DRY PROCESS ELECTRICAL PORCELAIN SECTION 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION 


THE AKRON PORCELAIN CO. 3000 corry AvE.. AKRON 14. OHIO 

THE CERAMIC SPECIALTIES CO. 444 west sixth STREET. EAST LIVERPOOL. ONO 
THE COLONIAL INSULATOR CO. 937 Grant sTREET. AKRON 11. OHIO 

KNOX PORCELAIN CORP. xwoxvitte 1. TENN 

NEW JERSEY PORCELAIN CO. new york ave. AND PLUM ST.. TRENTON 5. N. 
PORCELAIN PRODUCTS. INC. west sanousky STREET. FINDLAY. OHIO 

THE UNIVERSAL CLAY PRODUCTS CO. 1501 € First sTREET. SANDUSKY. OMI0 


$23 








Spencer 
Thermostats 
must have 

uniform 


Making the right angle bend on this 
brass contact terminal was troublesome 
until Spencer Division of Metals & 
Controls Corporation turned the job 
over to Mohawk. We not only stamped 
and formed the part, but tapped it in 
the same operation. Mohawk produced 
perfect, uniform parts at only about 
half the cost, a yearly savings of thou- 
sands in initial cost alone. And with 
Mohawk’s better parts, there’s a saving 
in smoother production and the elimi- 
nation of rejects. 

Mohawk can cut your production 
costs on threaded stampings, too. 
Intricate or simple parts are turned out 
economically and on schedule. Holes 
are squarely tapped and threads can 
be held to Class 3 fit. If you have a 
headache to buck on threaded stamp- 
ings, pass it to Mohawk for savings in 
time and money. 


Write or phone now. 


mohawk 


MANUFACTURING COMPANY 
MIDDLETOWN, CONN. 
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Associations 





Conference to Discuss Application 
of Motors to Space Heating and 
Cooling Equipment 


A technical program consisting of 16 
papers will be presented at the Confer- 
ence on The Application of Motors to 
Space Heating and Cooling Equipment, 
which will be held in St. Louis, Oct. 
19-20, at the Chase Hotel. 

The Conference is sponsored jointly 
by the Single Phase and Fractional 
Horsepower Subcommittee of the Com- 
mittee on Rotating Machinery and the 
St. Louis Section, American Institute 
of Electrical Engineers. 

Tentatively scheduled are four tech- 
nical and such papers as: 
“Starting Equipment for Air Condi- 
tioning and Refrigeration Machines,” 
by J. J. Mellon, Allen-Bradley Co.: 
“Controls for Hermetic Motors,” by R. 
E. Mcherey, Square D Co.; and “Un- 
derwriters’ Facilities for 
Testing Air Conditioners and Refrigera- 
tion Equipment,” by W. A. Farquhar. 
Underwriters’ Laboratories. Inc. 


sessions 


Laboratories 


Other representative papers include 
“Design Considerations for Single 
Phase Air Conditioning Motors,” by M. 
E. Evans, General Electric Co.; “The 
Permanent Split Capacitor 
Motors on Small Fan Applications,” by 
G. W. Horner and L. D. Jones, Century 
Electric Co.; and “Larger Single Phase 
Motors,” by F. A. List, Westinghouse 
Electric Corp. 

“The Torque Motor—A Special Mo- 
tor with a Special Purpose” will be 
discussed by R. P. Ballou, Howell Elec- 
tric Motors Co. Other papers planned 
for the program include one by C. G. 
Veinott, Reliance Electric and Engi- 
neering Co., on “Alignment Chart to 
Simplify Fan Motor Selection.” 

Conference luncheons have been 
planned for both Oct. 19 and 20 with 
a joint banquet meeting with the St. 
Louis scheduled for Oct. 19. 

Pre-registration forms and programs 
may be obtained from John K. Howell. 
Westinghouse Electric Corp., 411 North 
7 St. Louis, Mo. Registration fee 


use of 


section, 


Her a 
is $5.00. 


Film Depicts Engineers’ Importance 
to Society 


The theme of the 75th Anniversary 
celebration of The American Society of 
Mechanical Engineers—“The Engineer 
in our World”—is brought home to the 
general public in a 25-min color motion 
picture, entitled “To Enrich Mankind.” 


Feeling that the man on the street 
lacks an awareness of the solid con- 
tributions engineering—and the work 
of the mechanical engineer—makes to 
his personal well-being, the ASME 
Council selected motion pictures as the 
most effective means for showing the 
important role engineering plays in our 
economy. 

Prints of the film are available on 
loan, without charge, to non-profit or- 
ganizations, schools and television sta- 
tions. Information may be obtained 
from Barbara A. Brown, Public Rela- 
tions Dept., ASME, 29 West 39th St.. 
New York 18, N. Y. 


Symposium on Solid-State Electronics 
on NEC Agenda 


The 24-session technical program of 
the National Electronics Conference 


will include two symposiums, one of 
which will be devoted to “Progress and 
Prospects in Solid-State Electronics.” 

Meeting at the Hotel Sherman, Chi- 
cago, Oct. 3-5, the NEC will 
other sessions to such topics as: 
sistor Amplifiers; Magnetic Amplifiers; 
Computers and Computer Elements; 
and Solid-State Devices. Other meetings 
will be devoted to Servomechanisms 
and Control; Reliability Considerations 
in Electronic Equipment; Ferroelectric 
and Ferromagnetic Circuits; and other 


devote 
Tran- 


areas of current interest. 
Among the papers to be delivered 
are: “Germanium and Silicon Transis- 


by R. M. 


Laboratories: 


tors and Junction Devices,” 
Ryder. Bell Telephone 
“High-Frequency Germanium  P-N-P 
Alloy Junction Transistors,” by A. P. 
Kordalewaki, General Electric Co.; “A 
Magnetic- Amplifier Time-Delay Servo,” 
by J. L. Behr, Vickers Electric Div.: 
and “An Accurate Magnetic Tacho- 
meter,” by Henry W. Patton, Collins 
Radio Co. 

Technical papers presented at the 
conference will be published in volume 
11 of the Proceedings of the National 
Electronics Conference, which will ap- 
pear early in 1956. Additional infor- 
mation may be obtained from the Na- 
tional Electronics Conference, Inc., 
Executive Secretary, 84 East Randolph 
St.. Chicago 1, Il. 


IRE Announced Annual Award Winners 


John V. L. Hogan, president of Hogan 
Laboratories, who helped found the In- 
stitute of Radio Engineers in 1912, has 
been awarded this year’s IRE Medal 
of Honor. 
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ROEPLASTIC CONTROL CABLE 


Since Roebling pioneered this unique type of cable three years ago sales and 
repeat orders have skyrocketed—sure proof of outstanding merit. 
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No painted conductor tracers. Conductors 
are one dark color, each with its IPCEA 
code color name and its number distinctly 
printed from end to end with indelible 
plastic ink which forms an integral part 
of the insulation and cannot be erased. 


FREEDOM FROM ERRORS... 
CONDUCTOR IDENTIFICATION 
THAT IS SIMPLE AS A, B, C 
YET ABSOLUTELY POSITIVE... 
IN SHORT, 


you oe 
ROE Ee LiRigc& 


Subsidiary of The Colorado Fuel and Iron Corporation 
JOHN A. ROEBLING’'S SONS CORPORATION, TRENTON 3. N. a BRANCHES: ATLANTA, 934 AVON AVE. « BOSTON,11-1S STILLING ST. « CHICAGO,5525 


W. ROOSEVELT RD. - CINCINNATI, 3253 FREDONIA AVE * CLEVELAND, 13225 LAKEWOOD HEIGHTS BLVD. « DENVER, 4801 JACKSON ST. ¢ DETROIT, 915 
FISHER BLOG * HOUSTON, 6216 NAVIGATION BLVD. « LOS ANGELES, 5340 £€. HARBOR ST * NEW YORK, 19 RECTOR ST. « ODESSA, TEXAS, 1920 E. 2ND 


sT ° PHILADELPHIA 230 VINE ST . PITTSBURGH, 1723 HENRY W. OLIVER BLOG. ° SAN FRANCISCO, 1740 17TH ST. . SEATTLE, 900 4 
STAVE. S. + TULSA, 321 N. CHEYENNE ST. + EXPORT SALES OFFICE, 19 RECTOR ST.,NEW YORK 6G, N.Y. JR a . 
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CLOSED 
OPEN 


VIBREX 


LOCKS - SEALS - CUSHIONS 


mounts in a plain hole = 
no receiver unit 


no rivets & 
no grommets i] 
no springs <> 


Vibrex is a sturdy half-turn fastener. 
It is also an elastic joint, a shock and 
rattle isolator, and a moistureproof 
seal. 


Simpler to install than other fasteners, 
Vibrex cushions the entire panel-base 
assembly in live, resilient rubber, 
squelching rattles, noise and vibra- 
tion. Vibrex Fasteners will not harm 
enamelled finishes. 


Vibrex Fasteners are ideally suited 
for securing: metal or plastic compon- 
ents — applications are innumerable 
for appliances, electrical panels, hous- 
ings, and access doors. Produced in 
a wide range of sizes and types, 
Vibrex Fasteners are manufactured in 
the U.S.A., England and France. 
Write for samples and 16-page cata- 
log today. 


ALON ® 

‘ay 

VIBREX FASTENER CORPORATION 
MOUNT KISCO 1, N. Y 
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Oct. 3-5—National Electronics 
Conference; National Electronics 
Conference, Inc., Hotel Sherman. 
Chicago. 


Oct. 3-7—F all General Meeting: 
American Institute of Electrical 
Engineers, Morrison Hotel. Chi- 
cago. 


Oct. 6-9—Annual 
posium, Society of Industrial De- 
signers, Hotel Woodner. Washing- 
ton, D.C. 


Design Svm- 


Oct. 10-12—Joint Lubrication 
Conference; Lubrication Activity 
Committee of ASME and Ameri- 
can Society of Lubrication Engi- 
neers, Antlers Hote!. Indianapolis. 


Ind. 


Oct. 11-13—Conference on Air- 
craft Electrical Equipment: 
American Institute of Electrical 
Engineers, Los Angeles. Calif. 


Oct. 17-19—1955 Radio Fall 
Meeting; Engineering Depart- 
ment of Radio-Electronics-Televi- 
sion Manufacturer~ 
and Professional] 
mittee of Institute of Radio En- 
gineers, Hotel Syracuse. Svracuse. 


es 


\ssociation 


Groups Com- 


Oct. 17-21—National Metal Con- 
gress and Exposilion: 
Society for Metals. 
Hall, Philadelphia. 


(merican 
Convention 


Oct. 18-20 — Conference on 
Motor Applications and Problem- 
in Heating and Cooling: Amer- 
ican Institute of Flectrical Engi- 
neers, Chase Hotel. St. Louis. Mo. 


Calendar of Meetings 














Oct. 24-26—Sixth National Con 
ference on Standards: 
Standards 
National 


Sheraton 


\merican 
Association and the 
Bureau of Standards, 
Park Hotel. W ashing- 
ton. D.C. (In conjunction with 


Annual Meeting of the ASA.) 


Oct. 31-Nov. I—East Coast Con 
ference on Aeronautical and Nay 
igational Electronics: Baltimore 
Section of the IRE and the [RI 
Protessional Group on \eronau- 
tical and Navigational Electronics, 


Hotel. Baltimore. Ma. 


Kmerson 
Nov. 3-4—Eighth Annual Elex 
tronics Conference: Kansas Cits 


Section of the IRE. Town House 


Kansas City. Mo. 


Nov. 7-9—EKastern 
puter Conterence: 
and ACM 


puting Machinery). 


Joint Com 
AIEE. IRE. 
( Associates of Com 
Hotel Statler. 


» 
»Oston. 


Nov. 13-18—Seventy-Fifth Anni- 
versary Annual National Meeting. 
American Society of Mechanical 
Hotel, 


Engineers. Conrad-Hilton 


Chicago. 


Nov. 14-18—Second 


Exposition, Navy Pier. Chicago. 


\utomation 


Nov. 14-18—Chicago ky position 
of Power and Mechanical Engi- 
neering. American Cociety — of 


Mechanical 


Coliseum. Chicago. 


Engineers. Chicago 


Nov. 14-18—Annual Meeting: 
National Electrical Manufactur- 
ers Association. Travmore Hotel. 


Atlantic Citv. N. J. 





Mr. Hogan, who served the Institute 
as vice president from 1916 to 1919 and 
president in 1920, was given the award 
for “his contribution to the electronics 
field as a founder and builder otf the 
Institute of Radio Engineers. for the 
long sequence of his inventions, and 
for his continuing activity in the de- 
velopment of devices and ~ystems us 
ful in the communications art.” 


Phe award will be presented te him 
during the IRE National Convention 
in New York City this coming March. 

Wilbur S. 
the Diamond Ordnance Fuze Labora- 
Washington. D.C.. 


this vears Harry 


Hinman. Jr.. direetor of 


was awarded 
\lemorial 


\ward. given to persons in government 


tories. 


Diamond 


service for outstanding work in radio | 


and electronics. He received his award 
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No. 6875 — BAND SAW 
GUIDE ROLLER 


OVERHEAD 


Roe SPECIAL 





No. 6579—THRUST BEARING 
FOR IMPACT WRENCH 






ave you investigated the 
design and cost saving 
opportunities offered by 





No. 7029 
PULLEY 
FOR 
X-RAY 
MACHINE 






ROLLER FOR 
DISHWASHER 






No. 7031—CAM ROLLER 
NY FOR PICK UP HAY BALER 








Ne. 6768 
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11.3% MORE 
DIELECTRIC 
STRENGTH with 




















Prove F.O.S. 
superiority 

with simple 
“Light Test’’ 


Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 
position and our unique Strontium 90 
Isotopic method of applying it to the back- 
ing. Result — a denser, more even, more 
consistent adhesive coating with unusually high dielectric ratings ~ 
71.3% higher than leading competitive tape. Try it! 


Dielectric Volts 
Per Mil 






TAPES 


Leading competitive tape 





F.0.S. electrical tape 


WRITE FOR FREE SAMPLES —Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.0.S.—it pays you in superior, dependable 
performance. Write now for free samples. 







F.O.S. INDUSTRIAL TAPE DIVISION 


THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN. 
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“his contributions to the ele tronic 
art in the fields of 
proximity fuzes 

The Morris 
Prize, awarded 
member 


for 


meteorology and 


Memorial 
IRE 


recent im- 


Liebmann 
annually to an 
who has made a 
portant contribution to radio engineer- 


ing, has been given to Kenneth Bulling- 
ton, Bell Telephone Laboratories, New 
York. He has been cited for “his con- 


tributions to the knowledge of 
spheric transmission beyond the horizon, 
and to the application of the principles 
of such transmission to practical com- 
munications systems.” 


tropo- 


Engineering Group Releases Findings 
on Income 

How much did professional engineers 
earn in 1954? Findings on this and 
other questions on income are reported 


in “Professional Engineers’ Income and 
Salary Survey.” published by the Na- 


tional Society of Professional Engineers. 
All those 
national salary 
of the National Society of Professional 
Engineers. containing 39 Member State 
00 
first survey was made in 
report compares 1952 
54. incomes. as additional 
income information on regional varia- 
tions and fields of employment of the 
respondents providing the information. 
Other and tables classify earn- 
ings according to grade. 
performed, branch of engineering. 
years of experience. 
the Income and Salary 
may be obtained from the Na- 
tional Society of Professional Engineers, 


questioned in this second 


survey were members 


and than local 


The 


This new 


Societies more 
chapters. 
1952. 


and as well 


charts 
type of service 
and 


Copies of 
Survey 


1121 Fifteenth St.. N.W.. Washington 
5. D.C. Single copies are priced at $.50 
for members: $1.00 for non-members 


Investment Casting Institute Plans 
Design Manual 


A design and drafting manual that will 
analyze the factors affecting tolerances 
in investment casting is one of the pri- 
mary projects now underway at the 
Investment Casting Institute, 27 East 
Monroe St., Chicago 3. 

To obtain the information 
for the manual, will be 
sent to every manufacturer of investment 
castings covering the tolerances that can 


necessary 


a questionnaire 


be reasonably expected in each type of 
The Dimension Tolerances Com- 
mittee of the Institute will analyze the 
results. A sudy will be hole 
tolerances, air-foil tolerances. and posi- 
tional and linear tolerances. 

A study of surfaces finishes will also 
be included in the completed manual 


design. 


made of 
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Solve your critical positioning problems with the 











SAFETY 


ball /bearin 
/ bearing 


SCREW! 








Typical miniature Safety b/b Screw espe- 
cially engineered for electronics application. 
Length: 3 inches; weight: 2'/2 ounces. Other 
units have been built as short as 11/2 inches. 





Compact, lightweight design... hairbreadth precision... minimum torque... 
maximum service life... unprecedented efficiency and dependability make these 
units ideal for positioning controls in transducers and similar applications 


Operating on 
a remarkably 
small amount 
of power he- 
cause of its 
9% to 95°, efliciency, the Safety 
ball bearing Screw ean translate 
rotary to linear motion (or vice- 


versa) far more efficiently than any 


other type of mechanism known, 
Instead of sliding, mating surfaces 





glide on steel 
balls reeir- 
culating in 
closed-circuit 
raceways. 

In many types of electrical and 
electronic equipment where space 
and weight are critical and the 
positioning of controls must be 
precise, the Safety b/b Screw has 
proved the perfect solution, 


BOTH KOLLED-THREAD AND MACHINE-GROUND TYPES AVAILABLE 


Rolled-Thread Safety bb Screws are 
available in a choice of 7 standard 
sizes and practically any serew 
length. They are competitive in 
cost with standard Acme serews, 
yet will function 4 to 5 times more 


FROM 1), 







by 


IN. TO 39% 


Safety ®¢ Screw 
Safety®¢ $pline 


efficiently. Where the ultimate in 
precision and dependability is re- 
quired, Machine-Ground Safety b/b 
Screws are individually engineered 
for each specific application. We 
have built highly successful units 


FT. IN LENGTH 


cuqunoUw 
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SAGINAW DESIGN ADVANTAGES 


Saginaw 





pioneered the ball-serew principle in 
America, was the first volume producer, has both 
superior know-how and production facilities. In 
addition, Safety b/b Screws offer three basic design 
advantages: 

1. FAIL-SAFE MULTIPLE CIRCUITS — no 
drone or spacer balls. Saves weight, assures more 
dependability. 

2. GOTHIC ARCH GROOVE DESIGN — per- 
mits closer lash control, smoother operation, de- 
creased ball stress. 

3. YOKE DEFLECTOR — eliminates possibility 
of jamming as balls enter return tube—an added 
safety factor. 




















WORLD’S FIRST BALL-BEARING SPLINE! 
| Utilizing the same basic gliding ball 





principle, Saginaw has developed the 
Safety b/b Spline which radically in- 
creases the efficiency of transmitting 
or restraining high torque loads. 











Averages 40 times lower friction 
coefficient than sliding splines! 

It can be fitted with integral gears, 
clutch dogs, bearing and sprocket seats, 
etc., for use with a wide variety of elec- 
trical units. AVAILABLE IN ALMOST 
ANY SIZE. (Units have been engineered 
as small as 94 IN. IN DIAMETER.) 


MAIL COUPON TODAY FOR ENGINEERING DATA 





Saginaw Steering Gear Division 
General Motors Corporation 
Dept 14M, Saginaw, Michigan 


Please send detailed information on: 


C] Saginaw b/b Screws CJ Saginaw b/b Splines 


| am interested 
in their application to 










Name—Title 
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Address 
City 
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ALUMINUM COMPANY 
OF AMERICA 


Alcoa Building, 
Pittsburgh 19, Pa. 


Gentlemen: 


Please send complete specification data 
and samples of your aluminum fasteners. 


Name 
Title 
Company 
Address 


. 
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Book Reviews 





British 
Century Survey, |) 
New York: 


Dan  wu¢ 
| ress. 332 


Design in Industry — A Mid- 
Michael Farr. 
Cambridge University 
pp. $11.00. 


With 


tions. 


but a few commendable 


industrial 
have enlarged the corpus of literature 


excep- 
\merican designers 
in their field largely by means of the 
highly personalized success story. The 
sleek and 


“annuals” 


glossy photographic design 
but a this 
success story, albeit on a group basis. 


The book undet 


category. It 


are variant of 


review falls in neither 
is a dedicated search into 
the “utilitarian and artistic elements (in 
other words design)” of all the things 
that British and 


workshops have made for domestic use. 


industrial factories 


In fact. it is a social study of product 
design growing out of the matrix of 
British society and ecomony. 

The 332-page illustrated volume is 
divided 


into four main parts, titled: 
Part |—Data; Part Il—Design Organi- 
zations, Publicity and Propaganda: 
Part I[[—Conclusions: Part [V—Sug- 
gestions for Improvements. The first 


part comprises seventeen sections deal- 
ing with product groups. of which three. 
domestic appliances, electric light fit- 
tings, and radio and television cabinets. 
are ot particular interest to readers of 
this publication. Several other sections. 
dealing specifically with metals and 
nonmetallic materials. such as plastic~ 
moldings. are of interest too. 

The progress of good industrial de- 
sign in household goods and in indus- 


trial machinery moves on a common 
front. And good design remains good 


design wherever it is articulated into 
an end product. It speaks a common 
language the world over. Consequently. 
there is ample justification for review- 
ing in these pages a book that deals 
with British design alone and with de- 
sign of so many products outside the 
electrically energized. The product de- 
sign engineer or the industrial designe: 
who practices his without 
cognizance and awareness of the work 
done in other 


profession 
countries would be so 
parochial and narrow as to inevitably 
vitiate the vitality of his work. Equally 
parochial would be a refusal to 
sider the entire spectrum of industrial 
design—furniture. 


con- 


textiles. 
as well as appliances and machines in 
the electrically energized field. 

To obtain his facts and to develop 
his opinions and conclusions, the author 
went into the factory and into the mar- 


silverware. 


ketplace. His book represents the result 
of a 15-month field survey of the manu- 
facturing and retail fields. His inquiries 
were not confined to “articles of exem- 
plary design”—a refreshing departure 


from so many books on industrial de- 
sign! 

There was a conscious avoidance of 
the 


survey, so dearly beloved of so many 


any sort of consumer preterence 
sales and promotional managers. The 
auuthor what 


psvchologist’s axiom: 


restates should be a 
“The task (of research amongst rep- 
resentative groups of the public) would 
be complex and difficult. and however 
painstakingly performed would. | be- 
lieve. be of very little value. The results 
of interviews in peoples’ homes and the 
answers to questionnaires filled in at 
exhibitions of industrial arts are liable 
to gross inaccuracies. When confronted 
with a tempting selection of designs 
people are apt to forget what they can 
afford, what they 
families need.” 
The 


largely 


need and what their 
author set off on this survey 
because he “did not like the 
design of between 80 and 90 per cent ot 
British domestic articles.” But despite 
this rather pessimistic premise, he does 
cite a number of rather vigorous and 
straightforward The British 
have done an imaginative job with table- 
top radios: 


designs. 


a functional. if austere, job 
with kitchen ranges: some really bril- 
liant evocation of inherent line in the 


design of what is known on the British 


market as an electric “fire” (space 
heaters). 
But more important than the ap- 


praisal of individual product designs. 
is Mr. Farr’s courage in examining and 
interpreting the various forces within 
a national community and economy that 
impinge on a design. and determine it- 
final formation malformation ). 
These involve his analysis and critique 


(or 


of the place and function of the manu- 
facturer, the retail store, the art school. 
the organizations, the design 
periodicals. and last. though not least. 
the British government. 


lesig 
design 


\s it might have been gathered by 
now. this is. all told, a provocative book: 
and, frequently enough, an angry book. 
The author's most 
may be found in Part I1[—Conclusions. 
It is here that he probes the deepest 


incisive comments 


into the social aspects of design. He 
rates industries according to conform- 
ance to standards. He 
examines differences in such standards 


good design 
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The photograph above shows three typical Sola Constant 
Voltage DC Power Supplies being mounted on a relay rack. 








Each chassis is completely assembled by Sola Electric Co. 
and supplied as a single unit. 


CONSTANT VOLTAGE TRANSFORMER SUPPORTS 
GERMANIUM RECTIFIER AND ALL-CAPACITY FILTER 
IN MEETING A TOUGH DC POWER PROBLEM 


This unique dc power supply 
unusual components: 

e A CONSTANT VOLTAGE transformer 

e A germanium rectifier 

¢ A high-capacitance filter 


assembly uses three 


(no choke) 


They mutually support and protect each other in 
providing high output voltage stability in the face of 
varying om heavy “pulse” loads. 


Result: They are being adopted by manufacturers 
of computers, tabulating machines, and others who must 
have reliable operation of relays, solenoids, etc., in spite 
of severe line voltage and load fluctuations. Specifically, 
these special assemblies provide: 

1. +1°% or less output voltage change with +15% 

line voltage variations. 

2. Minimum output voltage change with wide, rapid 

load changes. 

3. High, short-time overload capacity without damage 

to components. 

4. Ripple approximately 1%. 

». High overall economy by eliminating overload ca- 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic one, Rlvertiel b Equi 


and Mercury Vapor Lamps. 


© SOLA ELECTRIC CO., 4633 West: 16th, 
125th St., TRafalgar 6-6464 


3138 E. Olympic Blvd., ANgelus 9-9431 


READER INQUIRY SERVICE CARDS. PRECEDING BACK COVER 


@ PHILADELPHIA: Commetsiol Trust Blagigs eer 
Bigelow 4-3354 @ CLEVELAND 15: 1836 Euclid Ave., EE 1. 6400 es SA 


pacity needed with other types of power packs for 
this duty. 

6. Simplicity, compactness, and light weight as 
compared with equipment employing saturable 
cores, heavy chokes, tubes, revolving or other mov- 
able parts. 


Sola is now designing and assembling complete dc 
power supply assemblies in the general ranges of up to 
50 volts at 25 amperes; or up to 400 volts at 0.4 amperes. 
Series and parallel operation have proved quite feasible 
for serving higher demands. While featuring the special 
capabilities of voltage-regulating transformers, germa- 
nium rectifiers, and high-capacitance filter as a “team’’; 
Sola invites inquiries on assemblies of any type of trans- 
former, rectifier, and filter, or separate voltage-regulat- 
ing transformers designed to feed existing rectifier-filter 
combinations. Write for descriptive folder, or contact 
your nearest district sales engineer. 


SOLA Samcrnce 


TRANSFORMERS 
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the solution to your 


SPRING PROBLEMS, 


is in our Files 


Our files are literally bulging with the solutions 
to tough spring problems. Chances are, the exact 
solution to your particular problem is among 
them. If it isn’t, you can be sure our experienced 
Spring Engineers will arrive at it in short order. 
Over the years they’ ve turned their hand to the 
solution of some classic toughies. And over 

the years, Lewis’ facilities, experience and 
reputation have combined to provide you with a 
dependable source for the exact spring for 


the job at the lowest possible cost. 


— 


il 
i DESIGN FORMULATION ] 
SPRING _ | | 


PROBLEM 
SOLUTIONS 





Looking for the solution to a spring problem? Send us draw- 


ings, specifications or samples today. No obligation, of course. 


LEWIS SPRING & MANUFACTURING CO. 


2646 W. NORTH AVE. CHICAGO 47, ILL. 


rR Eee 1S ft 


ON 
GS 


The Finest Light Springs and Wireforms of Every Type and Material 
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between individual industries. The rela. 
tion ship between mass production and 
good design is appraised. Reading be. 
tween the lines it may be felt that 
though Mr. Farr is probably pro-crafts. 
man, he is eminently fair and realistic 
in appraising and understanding the 
necessity of applying mass production 
techniques to the contemporary product, 
In the closing section, Part IV, there 
is a series of recommendations, such as 
the need for enhanced recognition of 
the profession of industrial design, 

This book by Mr. Farr stems from 
an earlier, and well-known work by 
Prof. Nikolaus Pevsner, Cambridge 
Press, 1935, which also dealt with the 
condition of industrial design in Eng- 
land. In the form of a “Postcript,” Pro- 
fessor Pevsner adds a perceptive, as 
well as forthright, commentary on the 
book as a whole. It is interesting to 
note a community of thinking with that 
of the author, a community of thinking 
and attitude that is perhaps typically 
British. It postulates that good design 
is a matter of social responsibility and 
duty on the part of the manufacturer, 
the distributor and retailer. 

And in a world of products designed. 
developed and exploited with the help 
of words that are glibly and meretri- 
ciously used, it is refreshing to find this 
statement by Professor Pevsner: 


“If talent is the undefinable quality 
in the designer, the corresponding 
quality in the design is beauty—a 
word out of fashion, but one which 
cannot be dispensed with. Beauty, 
1 would describe as the controlled 
consonance and dissonance of forms 
and colours, controlled because con- 
trol brings back at once the human 
element.” 


Handbook of Engineering Materials. 
First Edition. Edited by Douglas 
F. Miner and John B. Seastone. John 
Wiley & Sons, Inc., 440 Fourth Ave., 
New York 16, N. Y. 1380 pp, 6x9 


in. $17.50. 


Prepared to eliminate the necessity tor 
maintaining a shelf full of separate ref- 
erence sources, this handbook provides 
in a single, handy reference source, 
technical data on commonly used engi- 
neering materials. At the expense of 
being less than all-inclusive or ex- 
haustive in any given area of technical 
information (an impossible task) sufb- 
cient data are presented to form a use- 
ful guide to the selection of a wide 
range of materials and suggest sources 
of more complete information. In 
scope it is more complete than a tech- 
nical dictionary, but less detailed than 
special textbooks. In short, an ex 
cellent compromise. As is customary 
with handbooks of this type, technical 
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CLEVELITE* FOR EVERY USE 


It possesses excellent electrical insulation properties, has 
good machinability, and is highly resistant to moisture. 


Clevelite is structurally strong, very light and may be easily 
punched, machined or sawed . . . certain tough grades may be 
cold punched satisfactorily. 


Clevelite chemical properties are also exceptional . . . un- 
affected by solvents and oils . . . resistant to normal strength 
basic acidic and salt solutions. 


Write for folder detailing the seven grades in which 
CLEVELITE is produced. 


Why pay more? For Good Quality . . . call CLEVELAND! 





THE 


CLEVELAND CONTAINER 


MP 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 
PLANTS AND SALES OFFICES: 
MEMPHIS + PLYMOUTH, WIS. » OGDENSBURG, N.Y. + JAMESBURG, WJ. + LOS ANGELES 





CHICAGO + DETROIT + 





ABRASIVE DIVISION at CLEVELAND, OHIO 
Cleveland Container Canada, Ltd., Prescott and Toronto, Ont. 


Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, N. J. 
NEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICAGO 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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lh THERE IS NO 
as SUBSTITUTE 
FOR 
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Precision Magnatrol Solenoid Valves have an 
- @xclusive “accessible inner valve construction” that 
allows for servicing or complete replacement of 
the entire operating mechanism while the valve 
body remains connected to pipe line. This 
special feature cuts valve replacement costs by 
permitting valves, used on fluids which tend to 
build up petrous deposits to be cleaned periodically 
without breaking connections. On solenoid valve 
applications where frequency of operation often 
fun to a six and seven digit figure, Magnatrol’s 
inner construction, proves doubly beneficial by 
providing a completely new, compact, and self 
contained valve interior for quick and easy replacement 
of the working parts. This efficient and 
economical method of self-servicing valves in the 
field eliminates long, expensive production 
Stoppages and guarantees savings in valve 
maintenance and replacement costs. 


THE INNER WORTH OF MAGNATROL SOLENOID VALVES 
PROVES THAT THERE IS NO SUBSTITUTE FOR QUALITY. 


CATALOG 
uaa OR N 


AGNATRO 


NGINEERI 





Compiled by Magnatrol’s executive engineer, the new 
Magnatrol catalog comprehensively describes the com- 
plete Magnatrol line of solenoid valves. Cross sectional 
diagrams explain the construction and operation of each 
valve. Specifications are clearly set forth in chart form. 

A SPECIAL SECTION of the catalog is devoted to a 
series of comparative tables of fluid discharge and 
friction drop, making the catalog an excellent source of 
reference data for either engineer or purchasing agent. 

Simply fill in the coupon and a copy of the catalog will 
be sent you free of charge. 





IT 





VALVE CORP. 


Hawthorne, 4 


Please mail a copy of the new Magnatrol Solenoid Valve catalog to: 


FIRM 


STATE 
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accuracy and comprehensive coverage— 


in the space allowed—is assured by 
having each subject prepared by a 


recognized authority. To permit ready 
comparison and analysis of materials 
that are competitive. the handbook js 
arranged by classes of related or similar 
materials. Emphasis is placed on quan- 
titative information wherever possible, 
with a minimum of descriptive text. 
Basically, the handbook is divided 
into four main subject classifications: 


General information on _ materials: 
metals: non-metals; and construction 
materials. The first classification con- 
sists of materials specifications and 


standards, statistics in the application 
of materials and a 100-page section of 
mathematical and physical tables. The 
second, and largest section (579 pages). 
presents the properties of metals in- 
cluding: Ferrous metals, aluminum. 
magnesium, copper and_ nickel 
and their alloys and other pure metals. 
Data presented for the major metals 
include: Production, alloys. 
properties, availability and shop prac- 
tice. Also: Joining, forming, stability. 
surface treatment, finishes and uses 
Similar data are presented for the non. 
metallic materials—plastics (51 pages). 
rubber and ceramic materials, as well 
paper. industrial chemicals. 


zinc. 


physical 


as wood. 


etc. 


Developing & Selling New Products. 2nd 
Edition. Gustav E. Larson, Office 
of Technical Services, U. S. Depart- 
ment of Commerce. Available from 
Superintendent of Documents, U. $ 
Government Printing Office, Washing- 
ton 25, D. C. 106 pp., 40 cents. 


This booklet summarizes the experi- 
ences of manufacturers which have suc- 
cessfully developed and marketed new 
products, and tells how other firms. 
large and small alike, can initiate and 
carry out product programs 
Among the subjects covered in the re: 


new 


vised edition are locating ideas 


new products; selecting the right prod: 
uct; getting it ready for the market: 
naming and packaging the product: 
planning a marketing program; new 
product 
Government aids to new product de- 


marketing case studies, and 


for | 


velopment and marketing. Many of the | 
examples cited are electrically oper: 


ated products. A specific problem dis 
cussed in detail is the selection of at 
industrial or product designer. 

The booklet lists major sources fron 
which manufacturers can obtain new 
product ideas, as well as types of pat: 
ents which are available and 
in new product development. It alsé 
outlines the many sources of new prod: 
uct information in the Small Busines 


useful 


8 


Administration, the Department of Com: | 


merce, and other Federal agencies. 
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Light ‘Weight Papers 






























FOR ALL KINDS OF ELECTRICAL USES 


Available in thicknesses from .002” to .030° (2 pt to 
30 pt), H&V special papers are used for coil winding, 
transformer winding, generator winding, slot insulation, 
cable winding (low and high tension) and for insulating 


purposes generally. 


; a 
Papers can be made from anything from 100% rope 
stock to various combinations of rope, rag, and specially 


prepa red kraft. 


Our Research Laboratory is at your disposal, — write 


us your problem. 


eoereeeereeeeereeerereeeeeeeeeeeee 


Hollingsworth « Vose 
Company 


EAST WALPOLE - MASSACHUSETTS 


MANUFACTURERS OF TECHNICAL AND INDUSTRIAL PAPERS 
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Standards 


Room Air-Conditioners 





Completely revised edition of the ARI 
Standard for Room Air-Conditioners 
has been published by the Air-Condi 
tioning and Refrigeration Institute. De 
signated ARI Standard 110-55, the pub- 
lication is a revision of ARI Standard 
1-10, 1953 edition. 

To permit manufacturers to incor 
porate changes in their room air-condi 
tioners, it is recommended that this 


| Standard become effective as of Sept. 1, 


i 


1956. 

Included in the Standard is a section 
on rating requirements and, for the first 
time, minimum power factor values 
recommended by ARI and _ electric 
utility companies. A pamphlet contain- 
ing the new Standard and the ARI re. 


| commended Cooling Load _ Estimate 


Form for Room Air-Conditioners is 
available from the Air-Conditioning and 
Refrigeration Institute, 1346 Connec. 
ticut Ave., N.W., Washington 6, D.C 


Price is $.35 per copy. 


Industrial Laminated Thermosetting 
Products 


NEMA Standards and Authorized En 
gineering Information for forms, colors, 
finishes, dimensions and tolerances, as 
well as physical and electrical proper- 
ties and testing, are given in “NEMA 
Standards Publication for Industrial 
Laminated Thermosetting Products.” 
LPI-1955. Information is provided on 
the following grades of laminated ther- 
mosetting sheets, tubes and rods: 

1—Paper-base grades—X, P, PC. 
XX, XXP, XXX, XXP, ES-1, ES-2 and 
ES-3 

2—Fabric-base grades—C, CE, L, LE 
and MC 

3—Asbestos-base grades——A and AA 

4—Glass-base grades—G-1, G-2. G-3, 
G-5, G-6 and G-7 

5—Nylon-base grade—N-l 

6—Copper-clad XXP laminates in 
tended primarily for use in_ etched 
(printed) circuits 

7—General-purpose grade GPO- 
polyester glass-mat sheet laminates 

8—Post-forming grade CF sheet la 
minates 

To obtain a copy of this publication, 


| priced at $2.50, write to the National 


Electrical Manufacturers Association, 


| 155 East 44th St., New York 17, N.Y. 
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in just a few days...you can get 
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Motor to test 
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tion | 





first 
lues | 
: #11A—1/45 to 1/30 H.P. #1109—1/16 to 1/8 H.P, #100—1/50 to 1/13 H.P. 4200—1 /200 to 1/75 H.P. 
“tric 
ain- 
| re 
nate 
s is 
and 
nec- 
D.C 
' 
E409 09 1/9 AP. #700—1/8 to 1/2 H.P. #2800—1 /30 to 1/70 H.P. (9000 GEAR MOTOR— 
OUTPUT 120 IN. LB. 
i 
Universal and D.C. Motors 
En 1/1000 to 1/2 H.P. 
y 3S, 
lors : Shaded Pole Motors 


Ss, as | 
oper: | 
EMA 


strial 





1/2000 to 1/8 H.P. 





Induction Motors 
1/1400 to 1/4 H.P. 





95000--1/15 to 1/8 H.P. 2500—1 /300 to 1/1400 H.P. *2900—1/100 to 1/15 H.P. 


icts.” 
d on 
ther- 


| lf you are searching for the right motor to fit your quantity application, check 
today with the people at Howard. 85,000 applications over the past 25 years 
) a means broad experience and a wide 
range of motor types and specifications 
—in fact, the largest line of fractional 
H. P. motors in the field. Just a 


representative few are shown here so 


L, LE 


d AA 
. G3, 





if you don't see what you need, write 
today and tell us your requirements. We'll answer your inquiry promptly. 
Many standard motors are immediately available for your preliminary tests. 


“SID 
stched 





>PO-] Write, wire or phone; we'll handle your inquiry or sample order promptly. = 

2s / boy a 
et la- DEPT. EM-10 * HOWARD INDUSTRIES, INC. * RACINE, WIS. Drierse tants 
— SALES OFFICES: 208 S. La Salle St., Chicago 4 + 942 §, La Brea Ave., Los Angeles 36 * Room 4822, Empire State Bldg., New York 1 

itiona 


jation, } DIVISIONS: (ENO ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
N.Y. | 


TURING | READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


337 











AUTOMATION 


the Nickeloid Way 


3 out of 5 


manufacturing 
steps entirely 
eliminated 


more than a metal 


it’s a method! 


Even before they arrive at your plant, Nickeloid PRE-Plated Metals are 60% 
through your production process. No cleaning, plating or polishing . . . that’s 
been done for you—expertly, uniformly, accurately. You just fabricate; then 
assemble, By-pass 3 out of 5 basic production steps. Reduce costs up to 20%; 
save time and lower investment in inventory and equipment, 


Specify Nickeloid PRE-Plated Metals, in durable uniform finishes of chrome, 
ni¢kel. copper or brass cn base metals of steel, zine. copper, brass or aluminum. 


SHEETS e COILS e STRIPS 


A variety of finishes and patterns 








SEND FOR FREE SAMPLER-SELECTOR 
In handy slide-chart form, gives specifica- NICKELOID METALS 


tions, finishes and typical uses of Nickeloid 
Metals. 8 metal samples. Request yours on SINCE 1898 
your company letterhead, 
Sales offices in most principal cities 
AMERICAN NICKELOID COMPANY 


Peru 3, IIlinois Mills: Peru, Ill. — Walnutport, Pa. 
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Manufacturers 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturer on company letter head, 
mentioning ELECTRICAL MANUFACTURING 
is your source 


FLEXIBLE ELECTRICAL INSULATION 
MATERIALS — Bound in a_ looseleaf 
folder, revised general catalog of flexi- 
ble electrical insulation materials is a 
compilation of technical data sheets of 
manufacturer's products grouped into 
three categories: coated products, var. 
nishes. and plastics products. Included 
are many charts and conversion tables, 
as well as complete specifications and 
application recommendations for each 
product described. To obtain a copy, 
write on company letterhead to Sales 
Promotion Dept., Irvington Varnish & 
Insulator, Div. of Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington, N. J. 


MAGNETIC - AMPLIFIER - REGULATED 
D-C POWER SUPPLY — Featuring a 
voltage range from 0 to 32 volts at 25 


amp (continuous) with -— 1 per cent | 


regulation and ripple of 1 per cent 
rms, Model M60VMC magnetic-ampii- 
fier regulated d-c power supply con- 
tains no tubes and is suitable for test: 
ing and other laboratory applications 
Theory of operation, typical features, 
and components are described and il- 
lustrated. To obtain a copy, write on 
company letterhead to Perkin Engineer 
ing Corp.. 345 Kansas St.. El Segundo, 
Calif. 


DESIGN MANUAL FOR HIGH STRENGTH 
STEELS—Intended as a practical, work 
ing handbook, this 174-page manual 
presents the essential principles of 
structural design and develops formulas, 
charts and tables which will assist en- 
gineers in designing for high strength, 
low alloy steels. Subjects covered im 
clude: Design considerations, working 
unit stresses, and tension. Also: Com 
pression, shear, stresses in beams 
deformation and deflection, formed 
sections and designing against corre 
sion. To obtain a copy of the design 
manual, send a letterhead request to U. 
S. Steel Corporation, 525 William Penn 
Place, Pittsburgh, Pa.. referring to Pub 


lication No. ADVL-215-54. 
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...for better control 
of heavy-duty industrial and 
farm equipment! 


DLM—Revolutionary new 
all purpose brake 


ATED The versatile new DLM offers many improvements previ- 
Za ously unavailable on most other present-day brakes. Its sim- 
at 25 | ple design utilizes only 8 parts . . . results in considerable 
cent | savings in weight, installation and maintenance time, and 
cent actual material costs. 
mpli- This new balanced-type brake insures constant, smooth 
oF performance in either direction of rotation, and is fully en- 
test. closed to protect against dust, dirt, and water penetration, 
tions. | reducing fire hazard . . . prolonging brake life . . . and im- 
a | proving on-the-job performance in all applications. 
a : Exclusive features have greatly minimized service and in- 
neer- ventory requirements, saving money for manufacturers and 
undo. operators of trucks, harvesters, mixers, combines, winches, 
and many other types of heavy machinery . .. available in 
all sizes, for any type of work. 
If somewhere in your business there is a special braking 
NGTH problem, big or small, we urge you to call on the ingenuity 
work and vast knowledge of TDA engineers to solve it quickly, and 
- at a minimum cost. An inquiry on your company letterhead 
Sd will receive immediate attention. Just write Timken-Detroit 
oe Brake Division, Ashtabula, Ohio. 
ongth, ©1955 RS&A Company 
d in- 
yrking 
Con- 
ye ams, ; Fz" 
—_— BRAKE 
= Plants at: 
lesign Detroit, Michigan * Oshkosh, Wisconsin * Utica, a alee tl el hl 
to U. New York * Ashtabula, Kenton and Newark, Ohio * site o aleamnaliaiatamatanaatel 
Penn New Castle, Pennsylvania 
) Pub 
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PRD TRANSISTOR- 


MAGNETIC 
SERVO AMPLIFIER 


—weighs only 21 ounces 
— measures 3% X 212 X 2% 


The Type R40G7W6 is a small tran- 
sistor-magnetic amplifier which is 
specifically designed to drive parallel 
connected Bu Ord MK7 and MK14 
400 cps servo motors from potenti- 
ometer, synchro or resolver data. The 
unit has a built-in silicon transistor 
preamplifier and requires no stabil- 
izer, demodulator or d.c. power sup- 
ply. Truly remarkable performance is 
achieved with this unit as can be 
seen from the complete specifications. 


Specifications 


Maximum output: 7 watts, 
57 v a.c., 400 cps 
Voltage gain: with MK7 motor 2000 
with MK14 motor 2400 
Bandwidth: 0 - 70 cps 
Zero drift: less than 3 mv ref. input 
Saturation Signal: 50 mv 
Input impedance: 15,000 ohms 
Amb. temperature: — 55° to + 85°C 
Stabilization: Internally provided 
Power supply: 115 v + 10%, 400 cps 
Hermetically sealed. 
Meets MIL-E-5272, Procedure 1, 
Vibration Specifications 


Write for complete folder 
on PRD Magnetic Amplifiers 


(olylectnic 
| RESEARCH & 
DEVELOPMENT CO., INC. 


202 TILLARY STREET 
BROOKLYN 1, NEW YORK 
Telephone: ULster 2-6800 


Men in Industry 


Elmo E. Moyer has joined Acme Elec- 
tric Corp., Cuba, N. Y., as director of 
research. He will direct the develop- 
ment of new electronic devices as part 
of the company’s expansion program. 
Mr. Moyer, who was graduated from 
Notre Dame, served for many years in 


ELMO E. MOYER 
the control engineering department of 
General Electric Co. and had recently 
been associated with International Busi- 
ness Machines Corp. He is the author 
of many technical papers, has served 
as assistant professor at Rensselaer 
Polytechnic Institute, and has helped 
in the development of more than 40 
patents, many in the field of industrial 
electronics. 


New chief engineer at Technicraft 
Laboratories, Inc., Thomaston, Conn. is 
John J. Douglas, formerly a member of 
the technical staff at Bell Telephone 
Laboratories. A graduate of the Uni- 
versity of Illinois, Mr. Douglas served 
as an electronics and communication 
officer in the Navy during World War 
Il and was associated with the engi- 
neering department of Douglas Air- 


craft Co. 


Ford Instrument Co., Div. of Sperry 
Rand Corp. has appointed Alois Berny 
Essex to the newly created position of 
administrative engineer, reporting di- 
rectly to Henry F. McKenney, chief en- 
gineer. In his new position Mr. Essex 
will be responsible for planning the 
engineering department work load, dele- 
gation of responsibility through various 
stages of each engineering project, 
and other duties. 


John E. Mossman has been elected 
president of The Industrial Electronics 
Co.. Inc.. Hanover, Mass. Mr. Mossman 


resigned as president of Phillips Con. 
trol Corp., Joliet, Ill. and‘as a director 
of Thor Corp. to accept this new assign. 
ment. Industrial Electronics recently 
purchased Monitor Controller Co. 
manufacturer of motor controls, and 
will operate that company as a division 


Howard C. Gebhart, formerly chief 
engineer of Kett Tool Co., Cincinnati, 
has been named chief engineer of Rock. 
well Manufacturing Co.’s Delta Power 


Tool Division plant at Bellefontaine. 
Ohio. 


New director of engineering for 
Otarion, Inc., Dobbs Ferry, N. Y., is 
William H. Greenbaum. The company 
manufactures a hearing aid completely 
self-contained in a pair of glasses. 


R. P. McAlister has been appointed 
sales manager for the Leach Relay 
Division of Leach Corp., Los Angeles. 
Calif. In his new post, Mr. McAlister 
will promote the development of new 
relay products, systems packaging, and 
sale of the company’s new line of light 
weight small pressure switches. Previ- 
ous affiliations of Mr. McAlister include 
Cannon Electric Co. and H. H. Buggie 
Co. 


Edgar W. Engle has joined the tech- 
nical staff of Fansteel Metallurgical 
Corp., North Chicago, Il., as assistant 
to technical director. Since his gradua- 
tion from Massachusetts Institute of 
Technology in 1941, Mr. Engle has been 
active in metallurgical engineering in 
the field of the refractory metals. 


The Electric Products Co., Cleveland 
manufacturer of motors and generators. 
has advanced Dr. W. A. Thomas to 
vice president in charge of engineering. 


Arthur P. Kromer has been added to 
the manufacturing engineering group 
of the Ampex Corp., Redwood, Calif., 
chief industrial engineer. Before 
joining Ampex, manufacturer of mag- 
netic recorders, Mr. Kromer was as 
sociated with the Lincoln Laboratories 
of the Massachusetts Institute of Tech- 
nology. 


as 


Ray Fortune, formerly assistant re- 
search director has been appointed di- 
rector of development engineering at 
The Standard Register Co., Dayton, 
Ohio. Mr. Fortune, who joined Stand- 
ard in 1948, is a graduate of Indiana 
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Design with 
Pittsburgh 
Fiber Glass 


in mind... 


Component parts made of rubber, plastics 
or paper take on new, important strength 
and additional dimensional stability when 
you specify Pittsburgh Fiber Glass as a 
reinforcement. 

In housing and structural parts, you'll 
add excellent dielectric strength when rein- 
forcing cloth containing Pittsburgh Fiber 
Glass is specified for laminates used in 
making such parts. 

Yes, the design trend is to fiber glass 
reinforcements—and specifically, to Pitts- 
burgh Fiber Glass, because of its exceptional 
quality. Manufacturers and molders alike 


FIBER GLASS PAINTS - 
rie 


Mil " G wi _ 






ee 


READER INQUIRY SERVICE CARDS, 


PRECEDING 





GLASS - 


BACK COVER 





. ca Ma My Se 
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have discovered that advanced PPG produc- 
tion methods produce yarn and reinforce- 
ments that assure easier 
improved product quality, 

Be sure of reinforcement quality in your 
components by specifying Pittsburgh Fiber 
Glass. For complete information and tech- 
nical staff assistance, write our executive 
offices or sales offices in Charlotte, Chicago, 
Cincinnati, Cleveland, Detroit, Houston, 
Los Angeles, New York, Philadelphia or 
St. Louis. Pittsburgh Plate Glass Company, 
Fiber Glass Division, One Gateway Center, 
Pittsburgh 22, Pennsylvania. 


fabrication, 


CHEMICALS - BRUSHES - PLASTICS 


a PLATE GLASS COMPANY 


341 











Lépex Sa irei {ite 
meme (2091 CEE VA 


WILL HELP YOU SIMPLIFY | 
REMOTE SELECTION of CIRCUITS! 













QO FERRET Teen 


A few examples of standard Model, Ledex relays. Use the 
1” squares in the background to estimate size of the relays. 


Ledex Relays are available to perform 
a variety of switching jobs... 


STEPPING ...COUNTING... ADDING 
AND/OR SUBTRACTING... PROGRAMING... 
CIRCUIT SELECTING...and HOMING. 





SEND US, ON YOUR LETTERHEAD, THE pe 
DETAILS OF YOUR SWITCHING REQUIRE- | 
MENTS AND LET LEDEX ENGINEERS Be 
WORK WITH YOU TO DETERMINE c 
IF LEDEX RELAYS ARE THE ANSWER. 





123 WEBSTER STREET, DAYTON 2, OHIO 
IN CANADA. MARSLAND ENGINEERING LTD., KITCHENER, ONTARIO 
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State College and received his degree 
in electrical engineering from the Uni. 
versity of Dayton. 


Rudolph F. Gagg has been named 
group-executive-stafl engineer for the 
eastern divisions of Bendix Aviation 
Corp. Mr. Gagg, who resigned from 
Bendix in 1954 to become special aide 
in the office of the Assistant Secretary 
of the Air Force, will be responsible for 
staff administration of engineering, and 
research and development work of the 
following divisions: Eclipse-Pioneer, 
Teterboro; Scintilla, Sidney, N. Y.: 
Utica, Utica, N. Y.; Red Bank, Eaton- 
town, N. J.; Pioneer-Central, Daven- 
port, Ia.; and Friez Instrument, Balti- 
more. 


The O. A. Sutton Corp., Wichita, 
Kan. has appointed Floyd M. Kinney 
chief motor engineer. Previously Mr. 
Kinney was chief engineer at the Uni- 
versal Electric Western Co. and also 
served as assistant chief engineer for 
the Pesco Products Corp. 


Eugene M. Fry has joined the Glenco 
Corp., an associate of Gulton Industries, 
Inc., Metuchen, N. J., as an instrument 
development engineer. A graduate of 
Pennsylvania State College, Mr. Fry 
most recently was chief engineer for de- 
velopment and research at Charles 
Engelhard, Inc., and has had additional 
experience in the field at Bell Tele- 
phone Laboratories and other industrial 
organizations. 


Newly formed firm of Datamatic 
Corp. has appointed Dr. Joseph J. Eachus 
systems director and J. Ernest Smith 
director of engineering. Engaged in the 
development and production of data 
processing equipment, Datamatic is 
owned jointly by Minneapolis-Honey- 
well Regulator Co. and Raytheon Manv- 
facturing Co., and is located in Walt- 
ham, Mass. 


At Logistics Research Inc., Redondo 
Beach, Calif. A. Y. Baker has been ad- 
vanced from chief engineer to vice 
president, development and production. 


At the Armco Steel Corp., Middle- 
town, Ohio, G. H. Cole, former associate 
director of research, has been named 
consulting engineer for magnetic ma- 
te:ials. Although he has become eligible 
for retirement, Mr. Cole will continue 
to devote full time to consultation with 
Armco customers on problems related 
to the use of magnetic materials. 

As his successor, Armco has selected 
V. W. Carpenter, who will direct the 
company’s future research work in the 
field of magnetic materials. Since join- 
ing Armco in 1930, Mr. Carpenter has 
held a number of increasingly respon- 
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« see look USs Electrical Steels 


‘all p @ The quiet little fan that cools milady’s brow; the roar- 
ing blades of the wind tunnel blower--both machines owe 
much of their efficiency to USS Electrical Steels. 

Here, at one source, you can get electrical steel for 
ries any application. Whether you make electric shavers, 
ion. power transformers or motors to turn the turret of a 
battleship, you can be sure of a quality USS Electrical 
dle- 
jate 
ned ee J That’s why so many manufacturers are turning our 
ma- 
ible 
nue 
vith , 
ited m 3 ; UNITED STATES STEEL CORPORATION, PITTSBURGH 

COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
wal : . TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 


UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
NITED STATES STEEL EXPORT COMPANY, NEW YORK 


Steel for any electrical equipment using steel laminations. 


way. Our engineers will be glad to give technical assist- 


ance. Just phone, wire or write for more information. 
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Joliet 
washers 





world’s 


foremost 
producet 


of 
flat 
washers 


JOLIET WROUGHT WASHER CO. . JOLIET, ILLINOIS 
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sible research engineering positions. 
becoming supervising metallurgist jn 
1940, a position he held until his recent 
advancement. 


Major promotions for three engineers 
in Consolidated Engineering Corp.'s 
Systems Division resulted in the pro. 
motion from senior engineer to princi. 
pal engineer of Albert W. Brandmaier, 
Linden G. Griddle, and Jack K. Walker. 


Raytheon Manufacturing Co., Wal. 
tham, Mass. has advanced Fritz A. Gross 
from chief engineer of its equipment 
engineering division to manager of that 
division. 


The United Transformer Co. has an. 
nounced the start of operations at its 
new UTC-Pacific Division plant, at 4008 
West Jefferson Blvd., Los Angeles. 


Lloyd E. Swedlund has been appointed 
manager of monochrome tube product 
engineering in the General Electric 
Cathode-Ray Tube Sub-Department in 
Schenectady. Graduated from the Uni- 
versity of Colorado with a B.S. degree 
in electrical engineering and from the 
California Institute of Technology with 
a M.S. in electrical engineering, Mr. 
Swedlund joined G.E. in 1954, serving 
in the cathode-ray tube department 
section where he has been emnploved 
until his present appointment. 


Dr. David B. Parkinson has been pro- 
moted to vice president of the Brush 
Electronics Co., one of Clevite Corp.’s 
largest units. Dr. Parkinson will also 
serve as general engineering manager 
of the Cleveland, Ohio, firm. Holding 
a doctorate from the University of Wis- 
consin, Dr. Parkinson had a 10-year 
association with the Bell Telephone 
Laboratories, and is the recipient of 
the Presidential Medal for Merit and 
the Potts Medal of the Franklin Insti- 
tute for outstanding work in the de- 
velopment of fire control equipment 
during the war. 


The Lux Clock Manufacturing Co., 
Waterbury, Conn. has appointed George 
Cagen its chief product engineer. He 
heads a new department devoted to de- 
veloping new products and adapting 
present Lux timing devices to broader 
applications in original equipment. 


To fill the newly created position of 
director of engineering, General De- 
vices, Princeton, N. J. has selected 
Everett B. Garretson, who will head the 
firm’s research and engineering activi- 
ties. For the past 5 years, Mr. Garret- 
son has been president of his own con- 
sulting engineering firm, Garretson 
Laboratories. Inc., and had been pre- 
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Power Transform- 
er core assemblies, like this one 
(aBove) for a 5000 kvaType AT, 
are wound with Rome Magnet 
Wire. Rome is a regular source 
at Standard Transformer for rec- 
tangular and square magnet wire, 
cotton and paper covered, as well 
as silicone-treated glass. 


(nicHt) A Standard Transformer 
coil being wound with Rome Mag- 
net Wire. Precise winding of coils 
demands uniformly accurate di- 
mensions and properly annealed 
copper. 





You can tell good magnet wire by the company it keeps 





You can tell Rome Silicone-treated Glass 
from phenolic varnish-treated magnet wire 
at a glance. Rome runs a small green iden- 
tification thread under the silicone-treated 
glass covering—an industry first. This 
Rome innovation saves money and time 
by making identification easy, positive. 


If you are a critical buyer of magnet 
wire, then you have something in 
common with The Standard Trans- 
former Company of Warren, Ohio. 
They leave nothing to chance. This 
applies particularly to magnet wire. 
As a component of high-cost equip- 
ment, their magnet wire must be 
completely reliable. 

Here’s what to expect from Rome. 


You get consistently accurate di- 
mensions, properly annealed copper, 
blemish-free surfaces, and uniformly 
close coverings. Rome quality con- 
trol is a step-by-step process from 
copper bar to finished wire. 

For magnet wire that is always 
“as specified” it will pay you to dis- 
cuss your requirements with a Rome 
engineer. 


It Costs Less to Buy the Best 


ROME CABLE 
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'P-H ae 
Where your ‘‘specials’”’ 
are standard 





for variable DC power 
...without moving parts 


The simplest means yet of variable, step- 
less direct current . and remarkably 
reliable. 


P&H Power Amplifiers provide instant 
speed response. They are fully self-con- 
tained, 100% quiet. You can have elec- 
tronic, rheostat or any other variable con- 
trol arrangement. 

These are heavy-duty units, built to with- 
stand more vibration and shock. No mov- 
ing parts of any kind, no delicate com- 
ponents, virtually no maintenance. 
Housed in sturdy metal enclosure. 

Sizes from one through 30 horsepower 
with wide speed ranges. For use wherever 
variable, stepless power is needed, no mat- 
ter what phase or voltage your input 
power. P&H Electrical Products Division, 
Harnischfeger Corporation, 4400 West 
National Avenue, Milwaukee 46, Wis. 


Write for details on P&H Power Amplifiers 


P&H Magnetorque® 
electric brakes and 
drive units. 





P&H generators, all 
types, sizes. 


Plus. . . a wide range of 
other electrical products. 


HARNISCHFEGER 
HSS line snp PE mens 
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viously associated with the Princeton 
University plastics laboratory, develop. 
ing equipment for measuring the dielee. 
tric constant and loss factor of plastics 
and oils at microwave frequencies. 
John Cameron has been 
sistant chief engineer, 
chanical 


named as. 
Hamilton Me. 
Hamilton Division, 
Baldwin-Lima-Hamilton Corp., Hamil. 
ton, Ohio. A graduate of Purdue, Mr. 
Cameron was formerly with Clearing 
Machine Co., Chicago where he served 


Presses, 


for 10 years in various engineering and 
sales engineering supervisory capacities, 


Dr. Russell D. O'Neal has been named 
director of weapons systems planning 
of the Bendix Aviation Corp. With 
headquarters in Detroit, Dr. O’Neal will 
head up an expanded program of de. 
velopment and production of guided 
missiles and other weapons systems, 
co-ordinating the work of various 
operating divisions of Bendix and di- 
visional staff engineers. 


The Vibro-Ceramics Corp., Metuchen, 
N. J. has announced the addition to its 
staff of Dr. Walter Welkowitz who will 
take charge of the research and de. 
velopment of medical instrumentation. 
Formerly a research associate and lec. 
turer in acoustics and electrical engi- 


neering at Columbia University. Dr. 


Welkowitz holds a doctorate degree 
from the University of Illinois. 
Rockwell Manufacturing Co. has 


named H. E. Rittenhouse chief engineer 
of its Pittsburgh division. Mr. Ritten- 
house, formerly a consulting engineer, 
Paul Mankin, pro- 
moted to general manager of the divi- 


succeeds who was 


sion earlier this vear. 


At Bell Telephone Laboratories. New 
York, Dr. James B. Fisk, vice president 
in charge of research. has been elected 
executive vice president. In his new 
post, Dr. Fisk will be directly respon- 
sible for all technical activities of the 
Laboratories. while continuing his pres 
ent responsibilities in charge of re 
search. 

Also advanced was Estill 1. Green, for- 
merly director of military communica- 
tion systems, to vice president in charge 


of systems engineering. 


Fischer & Porter Co.. Hatboro, Pa. 
has promoted four managers to vice 
president in charge of their respective 
divisions. Those named include: Robert 
A. Stern, vice president, Data Reduction 
& Automation Division; Louis H. Aric- 
son, vice president. International Divi 
sion; Nathaniel Brewer, vice president, 
Research: and Edward J. Querner, vice 
president. Manufacturing. 
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TAYLOR 


Laminated Plastics 
Vulcanized Fibre 


Tips for designers 


Insulated fibre screw drivers, made 
of high dielectric strength Taylor Fibre, are 
electrically safe, physically tough. 





Tote boxes must withstand severe usage ~ 


... an ideal application for tough, durable 
Taylor Vulcanized Fibre. 





Fuse box handle formed from Taylor G-5 
Melamine Laminate has high electrical and 
mechanical strength . . . provides high re- 
sistance against corrosive fumes. 





Cam and terminal board for recording 
instrument is made of Taylor Grade XP 
Laminate . . . noted for its electrical insulat- 
ing properties and ease of machining. 


TAYLOR FABRICATING 
FACILITIES 


Your production can be simpli- 
fied . . . schedules safeguarded 
. inventory headaches cured 


. and over-all costs reduced by 
having Taylor fabricate finished 


parts to your specifications. 
Efficient, modern facilities are 
ready to serve you. Get in touch 
with Taylor about your specific 
requirements. 





Shop Talk - 


TAYLOR 


FECRE CO, 


Plants in Norristown, Pa. and La Verne, Calif. 
PHENOL — MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 





Tip of 2” diameter Taylor Built-Up Vulcanized Fibre Rod used as drift pin 
for driving out stuck roll-up shafts in paper mill. Heavy sledge hammer 
blows on end of rod could not split apart the laminations at bond joints. 


Taylor Built-Up Fibre 
withstands severest impact 


The unretouched photograph above 
shows the strength and toughness of 
Taylor Built-Up Vulcanized Fibre. 
This is the tip of a 2” diameter x 36” 
long built-up fibre rod after more 
than a year’s use as a crowbar and 
drift pin in a paper mill. 


It was used as a bar to lift and pry 
800 lb. objects. It was pounded with 
a 16 lb. sledge hammer in its use as a 
drift pin to drive out stuck roll-up 
shafts. Despite this severe and re- 
peated abuse the rod was unbent. 
And note that hundreds of sledge 
hammer blows have not severed the ad- 
hesive bonds between laminations. 
Rather it is the fibre itself which has 
first failed. This is proof that built- 
up fibre is just as strong and as tough 
as homogeneous fibre. 

Wherever exceptionally thick sec- 


tions are required—for rods, plates, 
blocks—Built-Up Fibre can be pro- 
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duced in thicknesses up to 3 inches. 
Laminations are bonded together 
with specially developed adhesives 
to make a tough, solid mass. 

For many applications, Taylor 
Built-Up Fibre can be used as a 
direct replacement for more expen- 
sive homogeneous commercial fibres. 
Moreover, it is available in a frac- 
tion of the delivery time. Outstand- 
ing physical and electrical properties 
make it the ideal material for heavy 
switchgear, arc barriers, insulating 
plates, rods, cutting blocks, bumper 
blocks . . . and a variety of similar 
uses. 


Ask your Taylor representative 
about the numerous profitable ap- 
plications for versatile Taylor Vul- 
canized Fibre and Taylor Laminates 
in your product. There are literally 
thousands of uses for economical, 
easy-to-form Taylor products. 
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your EXACT type 
BRUSH HOLDER 
We design them 


eevee 


@ INDUSTRIAL MOTORS 
@ CRANE MOTORS 

@ HOIST MOTORS 

@ MILL MOTORS 

@ MINE MOTORS 

@ CONTROLLERS 

@ ROTARY CONVERTERS AC-DC 
@ RAILWAY MOTORS 


2981 





3076 





When your specifications demand 
BRUSH HOLDERS with high wearing 
qualities, low maintenance cost — pick 
from our more than 1,000 types, or have 
our engineers design your special type. 


These special designs shown are three 

of many produced for specific applica- 

tions. ...... .. The ‘something 

special’ in BRUSH HOLDERS is pro- 

duced by the specialist. Ask FLOWER 
WRITE FOR CATALOG 4-M 





1217 Spring Garden Street, Philo. 23, Penna. 








Company 


Briefs 


Republic Foil and Metal Mills, Inc., 
Danbury, Conn., producer of aluminum 
foil for nonelectrolytic types of capaci- 
tors, has announced the incorporation 
of Republic Etched Products, Inc., for 
the purpose of etching aluminum foil 
for use in electrolytic capacitors. 

Construction of a plant in Danbury 
and installation of equipment will start 
shortly under the supervision of Re- 
public Foil and Metal, in cooperation 
with the engineering staff of Societe 
Pour le Traitement des Metaux et 
Alliages, Froges, France, whose manu- 
facturing techniques will be employed. 


General Cable Corp. has set March. 
1956 as the target date for the construc- 
tion of a manufacturing plant in Tampa, 
Fla. The initial unit will have approxi- 
mately 50,000 sq. ft of space and will 
manufacture telephone wires and cables. 
Eventual production of wire and cable 
for other applications is being contem- 
plated 


A newly purchased plant in Addison. 
Ill. will be added to the facilities of 
the Powered Metal Products Division of 
the Yale & Towne Manufacturing Co., 
Franklin Park. Ill. The Addison plant 
will be principally devoted to the pro- 
duction of ferrite components 


The Dano Electric Co., Winsted, Conn.., 
one of the New England towns hard 
hit by Hurricane Diane. has reported 
no damage to machinery and equipment 
but replacement of inventory lost in the 
recent flood permits operation of 60 per 
cent at this time. The company. which 
makes a variety of coil windings and 
transformers, expects to return to full 
scale production before Oct. 1. 


The Electric Service Engineering Co., 
Joliet, Ill. has been purchased by H. K. 
Porter Co., Inc., Pittsburgh. Electric 
Service, which specializes in the design 
and manufacture of complex electrical 
and electronic devices used in heavy 
industry and by the government. will 
be known as the Eseco Division. H. K. 
Porter Co., Inc. 


Manufacturing, engineering, research 
and sales departments of H. H. Buggie, 
Inc., Toledo. Ohio, have been consoli- 
dated in larger executive and factory 
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| Ford Instrument’s standard components 








SERVO 
MOTORS 


from FORD INSTRUMENT for 
EXTREMELY LOW INERTIA AND 
HIGH FREQUENCY RESPONSE 





@ STANDARD SERVO MOTORS 
in nominal ratings of 
10w, 5w, 2'/2w, 
1/2w and '/2w 
@ SPECIALS to 
customer requirements. 
Ford Instrument’s high precision 
servos are available in high and low 
voltage models, in 60cy and 400c\ 
designs. for a multitude of ap- 
plications. With Ford’s smooth iron, 


low-inertia rotors, they offer these 
advantages: 


© Linear torque-voltage characteristics 
® Linear torque-speed characteristics 
® Withstand continuous stalling 


® High torque efficiency 


FREE—Fully illustrated 
data bulletin gives 
specifications and per- 
formance information. 
Address Dept. EM 
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@ FORD INSTRUMENT 
i] COMPANY 


Division of Sperry Rand Corporation 


31-10 Thomson Ave. 
Long Island City 1, N. Y. 


i 





Rate Servo 
Generators Differentials Motors 
} \ 
fE 
Telesyn Telesyn 
Resolvers Integrators Synchros 
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EXTERNAL MOUNTING 
FEET eliminate need for 
yentional leaky mounting 
n the enclosure 
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CAPTIVE SCREWS 
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SONS eee 


WELDED TIGHT 


NEOPRENE GASKET 
ver seal 
ENCLOSURE with 
excludes dirt, dust, oi 
splashing coolant 


es 


provides positive co 
out knockouts 
|, and 


| 
| 
) 


The rugged, yisible-blade switch mechanism 
within the special industry enclosure has all the 
performance features that have made Square D 
an overwhelming “first choice’ for fifty yearts- 


y duty switch, built to 
‘tailor-made for ap- 
of dirt, dust, 


This new heav 


NEMA XII specifications, is 
plications requiring the exclusion 


oil and coolant. 
ASK YOUR ELECTKICAL DISTRIBUTOR FOR SQUA 


RE D PRODUCTS 
















































New, low cost, versatile | quarters in a new plant near Millbury, 


| Ohio, on Route One. Mail address is 
Box 817, Toledo 1, Ohio. The company | 
manufactures such products as printed | 


circuits, cable assemblies, and AN, RF, 
UNTER and rack and panel connectors. 


A rolling display of precision switches 
manufactured by Micro Switch, Div. of 
Minneapolis-Honeywell Regulator Co., j. 
now on a nationwide tour in an air. 


Measures frequency, speed, conditioned van featuring samples of 


rand event the 9000 precision switches types man- 
rpm, rps, rancom events ufactured by the Freeport, IIl., firm. 





Measures weight, pressure 
temperature, acceleration* 


Expansion of its equipment engineet- 
ing force in the Chicago area is being 
planned by the Raytheon Manufacturing 
Co. The Waltham, Mass., electronics 
firm, already has tripled the space avail- 


Direct numerical readings, 
range 1 cps to 120 KC 


Accurate, compact, rugged, able to its engineering personnel at the 
easy for anyone to use Chicago division, which will concentrate 


its efforts on applied research and engi 
neering development programs in the 
general fields of electronic and infra 
red equipment. 


-hp- 521A Industrial Counter—$475.00 


The Howell Electric Motors Co.. 


Newest of the high quality, precision Hewlett-Packard counters Howell, Mich., will display its gear 

is Model 521A, a low cost, multi-purpose instrument specifically motors, torque motors, brake motors. 
designed for industrial use. Model 521A makes possible all the disk and other models to engineering 
measurements listed above, plus many more. It reads directly | and management personnel In_ various 
in cycles per second, rpm, or rps; has connections for photocell and | industrial centers in Ohio, Indiana. 
external standard. Uses power circuit for time base or has plug-in Ilinois and Michigan and, eventually. 
crystal time base (extra) for precision accuracy. Accessory in other major market areas of the U.S 

power supplies of —150 v dc, + 300 v dc, and 6.3 v ac. Most broadly Motors are shown operating under full 
useful low cost electronic counter ever made. $475.00. load along with graphic demonstrations 
(with crystal time base, $575.00). tl atiahianis of construction features that were de 


veloped by the manufacturer. 





Ga OTHER PRECISION -hp- ELECTRONIC COUNTERS = 

The Garfield Manufacturing Co., Gar- 
field. N. J.. pioneer in cold molding. 
recently modernized its cold molding 





Instrument |____Primary Uses__—| Frequency Range | _—Price —_— 
-hp- 521A Industrial Measure frequency, 

Electronic Counter speed, time interval 1 cps to 120 KC $ 475.00 
-hp- 522B Frequency, period, time 

Electronic Counter interval measurements 10 cps to 100 KC 915.004 







facilities and has increased the capacity 



































~hp- 5248 Frequency, period of its hot molding plant by the addition 
Frequency Counter measurements 01 cps to 10 MC 2,150.00 & of a complete line of new transfer 
-hp- , ae 

nmol Converter — oe 10 cps to 100 MC presses and the addition of new elec- 








-hp- 525B 100 MC to 220 MC 


Frequency Converter 
-hp- 526A 


Video Amplifier 


-hp- 526B 
Time Interval Unit 


Extends 524B's range tronic equipment for preheating, pre- 


from 100 to 220 MC 
Increases 524B’s sensi- 
tivity to 10 millivolts 

Measures interval 

1 usec to 100 days 


forming and finishing equipment 












10 cps to 10 MC 





As part of a $175,000 expansion 
program, The Revcor Co., Carpenters- 
-hp- TRANSDUCERS for RPM/RPS MEASURING ville, I]. manufacturer of blower wheels. 






1 psec to 107 sec 




















































instrument Primary Uses Frequency Range Price is constructing a 10,000 sq ft addition 
“hp- 506A its present factor 
: rps and rpm to its present tactory. 
a. Tachometer measurement 300 to 300,000 rpm $ 100.00 
-hp- 508A/B Shaft speed . P. Dunnett and Associates, | 8520) 
Tachometer Generator measurement 15 to 40,000 rpm 100.00 | 








Conant, Detroit 34, Mich. is a newly 


\ Rack mounted instrument available for $15.00 less. @ Rack mounted instrument available for $25.00 less. formed clectroni neineerine frm with 
ormed etectronic eng ering P 


FOR COMPLETE DETAILS ON ANY -hp- EQUIPMENT, complete laboratory facilities for elec- 
SEE YOUR -hp- FIELD ENGINEER, OR WRITE DIRECT tronic evaluation and research. 
= ee eee eee ee ee ee ' 


HEWLETT-PACKARD COMPANY 


; In a move to streamline and integrate 
3346E Page Mill Rd. @ Palo Alto, Calif. @ Cable: “HEWPACK”’ 


company operations, three Ferro sub- 





> PLEASE SEND DATA ON____521A_____522B sidiary firms located in the Chicago 
—__—.524B with Plug-ins____506A___508A/B area have been merged. Tuttle & Kift, | 





Electronic a ll ae Pe Inc., Chicago manufacturer of electric 
Measuring range surface cooking elements. be- 
Instruments Company . , Saaae 2 comes the corporate unit. Ferro Electric 
Quality, value Net easterag tian ipecnn test cithcinceasnnietcinnseniseiliansiin Products Inc., Kirkland, IIl., and Ferrod 
’ / ° . 
Manufacturing Co., Batavia, Ill., become 
complete coverage * ci, = = Zone State 


divisions in the consolidation. Wholly 
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RING 


For 
NON-FERROUS 

SHELL MOLDING 
...see PB& B 


of interior surface. 


Need non-ferrous castings to close tolerances? 
Shell molding, by Philadelphia Bronze & Brass, 
ean offer you substantial savings. This new foun- 


dry process produces smoother surfaces .. . holds 
tolerances as close as 0.003” per inch . . . reduces 
finish machining requirements... permits intri- 


cate coring. On production quantities, its cost 
often compares with that of sand casting. 


By bringing your shell molding problems to PB&B, 
you profit by these extra values: 


Specialized experience. For years we have spe- 
cialized in casting a variety of non-ferrous alloys, 
including high conductivity copper alloys for elec- 





Marine hardware part shell-molded of manga- 
nese bronze by Philadelphia Bronze & Brass. 
Note the smooth cast finish and clear definition of 
markings. Precise coring eliminates machining 








High conductivity copper parts for 
circuit breaker assembly, formerly 
machined from bar stock, are now 
shell-molded and brazed together—at 
large savings in total cost. 


trical parts, and aluminum and manganese bronzes 
for structural members. 


Complete facilities. Under a single responsi- 
bility are encompassed all activities to produce 
finished castings to your specifications, including 
the design and making of shell molding patterns. 
Casting capacity ranges up to parts 30 pounds in 
weight and molds up to 15’ by 20’’. The most 
modern laboratory equipment is used to maintain 
strict quality control over each step in production. 


For a discussion of your specific shell molding 
application, write today to Philadelphia Bronze 
& Brass, or to any of the field offices of P. R. 
Mallory & Co. Inc. 


PHILADELPHIA 





BRONZE & BRASS CORP. 


22nd and Master Streets, Philadelphia 21, Pa. 


—<(a subsidiary of 


MaitorY 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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WHEN TO 
SPECIFY 
B 
FERGUSON 
DRIVE 





















IN YOUR NEW PRODUCTION MACHINERY 


WHEN INDEXING SPEEDS 
LIMIT YOUR PRODUCTION... 


OR IF YOU REQUIRE SMOOTH 
STARTING AND STOPPING... 


OR YOU NEED PRECISION OF 
.001” WITHOUT AUXILIARY 
LOCKING DEVICES... 


OR IF MAINTENANCE “DOWN 
TIME” IS A MAJOR PROBLEM... 


There's No Place tn Automation for 
Obsolete Indexing Devices 


Modern production methods require speeds and precision impossible to 
obtain with geneva drives and other obsolete indexing devices. The Fergu- 
son Roller Gear Drive makes it possible to increase production speeds as 
much as 100%, while improving product quality and reducing maintenance 
costs! The Ferguson Drive, the greatest development in indexing in the 
last thirty years, attains indexing speeds up to 1,000 per minute in some 
applications without undue shock or vibration to the Drive or machine. 
If you have machinery utilizing dial feeds, roll feeds, carrier chains and 
other types of intermittent feeding methods, investigate the Ferguson 
Drive and discover what it can do for you. 


NOW IN STOCK! 


CUT WEEKS OFF 
DELIVERY TIME! 


P. O. BOX 5841 


FERGUSON MACHINE & TOOL CO., INC. 


ROLLER GEAR DIVISION 
ST. LOUIS 21, MO. 


a ‘ 
The more widely used Fergu- | FERGUSON MACHINE & TOOL CO., INC. | 
son Drives may now be Roller Gear Division : Dept. E-i0 | 
ordered from stock with weeks P. O. Box 5841 St. Lovis 21, Mo. | 
cut off delivery time and prices Send free copy of bulletin 105a and data on stock and standard 
reduced as much as 25%. Ferguson Drives for high speed precision indexing of pro- 
Send in the attached coupon duction machinery. | 
or write for Bulletin 105a to | 
get full information, including | 
load ratings, dimensions and NAME___ TITLE —— 
data on selecting a Drive. Find | 
out how inexpensive it is to COMPANY ; | 
modernize your production | 
machinery, increase produc- 
tion and lower operating costs. STREET ————— 

{city STATE — 

sides tents Senn ns es meade Su Soins Sian sie eee cigu ii siab inn tee is sen is is ——— | 
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owned by Ferro Corp., Cleveland, Ohio. 
the three companies have engaged in 
the development and manufacture of 
heating elements, switches, controls and 
other electrical components used princi- 
pally by electric appliance manufac. 
turers. 


The Ford Instrument Co., Division of 
Sperry Rand Corp. has just opened an 
office at 260 South Beverly Dr., Beverly 


Hills, Calif. Edward F. Manion. 
liaison engineer who has been spe. 
cializing in work for the Air Force. 
will be in charge of the West 


Coast office of the Long Island City. 
N. Y. company, designer and manufac. 
turer of computers and controls for the 
armed forces. 

Ford’s standard line of component- 
will continue to be handled by the 
Joseph F Co., Culver City 
Calif. 


Sadaro 


Construction of a 15,000 sq ft plam 
in Ormond Beach, Fla., has been started 
by Electro Tec Corp., South Hackensack. 
N. J., designer and manufacturer of pre. 
cision slip ring and commutator as 
semblies. The new facility, Electro Tec 
of Florida, Inc. a wholly owned sub 
sidiary, will start manufacturing opera 
tions in early 1956. 


A million-dollar facility will be con 
structed in the Detroit area by Bendix 
Aviation Corp. for its Research Labora 
tories Division. The new building, whic! 
will provide 85,000 sq ft of floor space 
will be located on a 46-acre site on the 
northwest outskirts of the city. The 
Division is engaged in work in guided 
missiles, nuclear technology, machine- 
tool industrial instruments 
computers, and applied physics. 


control, 


Westinghouse Electric Corp. is torming 
a new industrial heating division that 
will combine the functions of the com- 
pany’s induction heating activities. 
located at Baltimore, Md., and the in 
dustrial heating department, Meadville 
Pa. Headquarters of the new division 
will be at Meadville, with L. R. Hague 
manager. Products to be 
manufactured within the division in- 
clude electric and gas industrial fur- 
naces, heaters and thermostats, as well 
as induction heating apparatus (to be 
manufactured at Baltimore). 


serving as 


Expanded production facilities at Pot- 
ter Instrument Co., Inc., Neck. 
N. Y., have been increased by 15,000 sy 
ft with the acquisition of a new build- 
ing. The company manufactures digital 
data handling equipment, including 
magnetic tape handlers, electronic coun- 
ters, and related equipment. 


Great 


Thompson Products, Inc., Cleveland. 


Ohio, has acquired, by stock purchase. 
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JOHNS - MANVILLE 


—PRODUCTS 


FROM THIS 
Mier 


TO THIS 





Class ‘‘B’”’ 


Taal ta laut amial) ig 


saves up to 50% 
in weight with 
Quinterra Type 5-2 ply 





| urtetia BRINGS SUBSTANTIAL SAVINGS 
to Class ‘B’ and Class H transformer makers... 


FROM THIS 





TO THIS 


Class “H”’ 


esi eu mul) «ig i 
saves up to 70% j 
Teco ima ti) 

Quinterra Type 3 


.. each using a different type Quinterra to meet his needs 


Tue two “before and after” photographs above do 
more than show what manufacturers can do when 
they employ Quinterra as layer insulation. They also 
demonstrate that the manufacturer is not limited to 
one type of this thin, flexible, purified asbestos 
insulation. Any one of several types will help him 
conserve materials, gain greater safety, raise over- 
load limits, decrease rejects, lessen production costs, 
and lengthen service life. 


For Class “B” operations, he can choose Type 
5-2 ply ... the twin-ply Quinterra treated with poly- 
vinyl acetate. It retains its dielectric strength of about 
300 VPM at temperatures above the Class “B” 
maximum of 130 C. Strongest of the Quinterras, it 
is made by combining and calendering two layers 
together into a dense, smooth-surfaced sheet. Its 
excellent tensile and bursting strengths enable 
assemblers yto reach favorable production rates. 





And it also provides a large square foot per dollar 
coverage. 


For Class “H” operations or for high processing 
and ambient temperatures, the manufacturer can 
choose single-ply silicone-treated Quinterra Type 3. 
Its dielectric strength of about 300 VPM is retained 
under continuous exposure to temperatures higher 
than 180 C, the Class ‘“‘H” maximum. It also has 
good moisture-resistance, flexibility, and adequate 
physical strength for many applications. 


Each of these Quinterras is made of the same 
highly purified asbestos base sheet that has the 
inherent dielectric...and has a hole-free, closed 
structure. They differ only in the saturant used and 
in the number of plies. Write for Quinterra booklet 
EL-40A and samples to Johns-Manville, Box 60, 
New York 16, N. Y. In Canada, address 565 Lake- 
shore Rd. East, Port Credit, Ont. 


Johns-Manville ELECTRICAL INSULATIONS 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 




















































BRAND NEw! Completely tested, reli- 7 t 
able. Write for specification sheet 
and AC brochure today. Since we 
expect initial demand to exceed sup- 
ply, we urge you to order early. 
Many other AC and DC models. Fast 
deliveries, low prices. Mountings 
furnished to suit your needs. 





jpe- SOL ENOID 












Model AC-113 
Continuous Duty 

¢ H! TEMP « Tested 
past 600° F. « Wt. 1 Ib. 


the trademark on over 
6,090,000 solenoids since 1927 







WEST COAST 


ELECTRICAL MFG. CORP. 
233 W. 116TH PLACE * AC DIVISION 105 
LOS ANGELES 61, CALIFORNIA » PLeasant 5-1138 


6 9m om iC 
: STROKE —INCHES 


Soon coming off press ... A new Design Annual 


ELECTRICAL INSULATION 
AND DIELECTRICS—1955 


ERE’s an up-to-the-minute design compendium for engineers who 
need to keep pace with current technology in the swift moving 
field of electrical insulation and dielectric materials. 

The editors of ELectricaL MANUFACTURING have assembled into 
one handy-to-use booklet, a selected group of articles dealing with 
the application of insulation and dielectrics in the design and develop- 
ment of electrically operated products. Many of the articles include 
exhaustive, critical appraisal of property characteristics and applica- 
tion possibilities. 

An anotated bibliography lists earlier articles containing design 
data applicable to current problems. 


Feature article content (with dates of original publication) in- 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy- 
Resin System for Embedded Circuits and Components (April 1955); 
Arcing Performance of Plastics Insulation (April 1954); Dielectric 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955); Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954); 
Applications for Gas and Liquid Insulation (June 1954); Glass-Premix 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons 
New Component Materials (February 1955); Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature Classification 
of Insulating Materials (September 1954); European Developments in 
the Dielectrics Field (August 1955). 


e@ The 136-page Design Annual includes each article in complete form with 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Advance orders insuring earliest delivery should 
be addressed to: J. A. Campbell, Director Reader Service, The Gage 
Publishing Company, 1250 Sixth Ave., New York 20 











Karl-Douglas Associates, Inc., manu- 
facturer of hydraulic and pneumatic 
cylinders and valves. Karl-Douglas will 
retain its identity and present plant lo- 
cation at 3160 W. El Segundo, Haw. 
thorne, Calif., operating as a division 
of Thompson’s West Coast plant. 


The Filtron Co., Inc., 13105 Fowler 
Ave., Flushing, N. Y., manufacturer of 
electronic components, has opened a 
new West Coast plant at 10023 W. Jeff- 
erson Blvd., Culver City, Calif. Con- 
taining over 10,000 sq ft of floor space, 
the plant contains research, testing and 
production facilities and will design and 
produce radio-frequency interference 
filters, capacitors, pulse-forming circuits 
and delay lines. 


Newly announced plans for the con- 
struction of a new 40,000 sq-ft plant 
marks the fourth expansion in the past 
Q years for New Hampshire Ball Bear- 
ings, Inc., Peterborough, N.H. The new 
plant will be constructed south of the 
business section of Peterborough at an 


estimated cost of $350,000. 


Colonial Broach G Machine Co. is the 
new name of Colonial Broach Co., 2160] 
Hoover Rd., Detroit, Mich. The new 
name reflects the company’s increasing 
activity in producing broaching ma 
chinery. 


Texas Instruments Inc., Dallas. ‘Tex 
is opening a Los Angeles sales office as 
the first step in establishing marketing 
headquarters throughout the U.S. The 
Los Angeles office will be headquarters 
for the Western district and is the first 
of several offices scheduled to be opened 
this year. 


An additional 40,000 sq ft of manu- 
facturing space for plastics molding 
will be made available by the new fac- 
tory the Circle F Manufacturing Co.. 
Trenton, N. J., is constructing at Meade 
and Price Sts., in that city. The new 
plant marks a further expansion of the 
company’s wire manufacturing facili- 
ties, which were increased earlier this 
year by the purchase of Eastern Insu- 
lated Wire Corp., Wallingford, Conn. 


International Resistance Co., Philade! 
phia manufacturer of resistors, has ac 
quired a new branch plant in Burling- 
ton, Iowa. Increased demand for de 
posited and boron carbon type resistors 
have necessitated expansion of facilities 
for the production of these components. 
Actual production is expected on or 
about Dec. 1, 1955. This will be IRC’s 
fifth branch plant, in addition to its 
seven wholly owned subsidiary compan 
ies and five overseas licensees. 


Micro Switch, a division of Minneapo- 
lis-Honeywell Regulator Co. has _ pur- 
chased a multi-story factory building in 
Freeport which the firm has been oc- 
cupying for a number of years on a 
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There's no guesswork in the production of Seymour nickel silver, phosphor 
bronze and brass. Every step in their manufacture is prescribed—in detail 
— in a master quality control manual which is “the law” throughout Seymour 
casting shops and mills. 


This is another reason why Industry has come to rely on Seymour to deliver 


nonferrous metals which are uniform in quality, year in and year out. 
* "Specify Seymour! You know it’s good!” 


Is your nonferrous metals file up-to date? If not, write for your copy of the Seymour 
Technical Data booklet. 


NICKEL SILVER « PHOSPHOR BRONZE e BRASS 


THE SEYMOUR MANUFACTURING CO. SEYMOUR, CONN., U. S. A. 








READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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lease arrangement. Acquisition of the 
300,000 sq ft building increases to more 
than 500,000 sq ft the factory space 
owned and occupied by Micro Switch 
in Freeport. The company also oper- 
ates small factories in Warren, Ll., and 
Independence. Lowa. 



























































































































Open Type 5 VA 110-24 Volt 
Transformer 


Type $1 150 VA 230/460-1115 


Volt Transformer with Circuit 
Breaker 


You can now buy small specialty transformers for industrial 
control built to the same high standards that have chacter- 
ized larger | HEN4=B49Y,| transformers for many years. 
They are... 


* Designed for | HEMIEBIETY,| service. 


* Vacuum pressure impregnated with moisture and corro- 
sion resistant varnish for | HEAI#BI07Y,| use. 


* Completely tested for | HEH#834RY.] applications. 


Sizes 5 VA and larger are available 





Write for complete details 

















HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN ——— 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 
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Production of aluminum wire and 
cable has started in a new building at 
the Sycamore. IIL, facilities of the 
Anaconda Wire & Cable Co. Marking the 
eighth expansion step taken at Syca- 
more since 1940, the self-contained fac- 
tory will quadruple the output of bare, 
rubber-insulated and synthetic-insulated 
aluminum wire and cable produced at 
the facilities. 


Radio Frequency Laboratories, Inc., 
Boonton, N. J., electronics manufae- 
turer. is constructing a 12,800 sq-ft ad- 
dition to its factory at the Boonton 
Airport, which will be used for manu- 
facturing and storage. 


New facilities for molding plastics 
and producing printed circuits have 
been acquired by United-Carr Fastener 
Corp., Cambridge, Mass. With the ac- 
quisition of two California companies 
that will be operated as divisions of 
United- Carr subsidiary companies. 
Graphik-Circuits, Pasadena, Calif., be- 
comes a division of Cinch Manufacturing 
Corp., the parent company’s Chicago 
subsidiary. The new division is equipped 
to design and manufacture printed 
circuit boards to practically any specifi- 
cations. 

Plastic Process Co., Los Angeles, Calif., 
will be operated as a division of 
Monadnock Mills, San Leandro, Calif. 
and will become the third plastics plant 
in the organization and the first ex- 
truded plastics plant. 


Pittsburgh Plate Glass Co. is con- 
structing a multi-million dollar Glass 
Research Center in Harmar Township 
near Pittsburgh. Two separate buildings 
featuring virtually all-glass exteriors 
are being planned for the 52-acre site. 
The development and product control 
building, first of the two structures 
to be constructed, will have an area of 
170,000 sq ft. The other building, de- 
voted to basic research, will be a glass- 
clad structure containing a library and 
elaborate laboratory facilities. 


Sprague Electric Co. will build an 
additional 25,000 sq ft of manufacturing 
space at its West Jefferson, N. C., plant, 
adding 20,000 sq ft to the main building 
and a separate 5000 sq ft building to 
the facility. 





The Cross Co. has revealed plans for 
the construction of a four-million dollar 
factory and office building designed to 
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Transitron’s silicon rectifiers are 


Crti6 Three power designed for reliable operation up 
a ranges now in to 150°C. They offer major sav- 


ave 


ner production long term stability through her- 


ings in both size and weight and 
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ANYWHERE! 


“To Expaud Your 
AC Product Sales! 


STANDARD and HEAVY Duty 


sINVERTERS! 


4 For Inverting D.C. to A.C. ... Specially f 
4 Designed for operating A. C. Radios, a 


Television Sets, Amplifiers, Address 


4 Systems, and Radio Test Equipment a 


% 
af 


from D. C. Voltages in Vehicles, a 


Ships, Trains, Planes and 
in D. C. Districts. 





Vv NEW MODELS “A Battery Eliminators, 


4/ NEW DESIGNS DC-AC inverters, Auto 


+/ NEW LITERATURE Radio Vibrators 


See your jobber or write factory 


_ AMERICAN TELEVISION & Rabio Co. 
Zuality Products Since 1937 


SAINT PAUL 1, MINNESOTA—U. S. A. 


\ 


ad 


double production capacity. The plant 
will the first in the Detroit 
area capable of offering resistance to 


be one of 


atomic radiation. Transfer of operations 
to the new plant. which will be located 
on 14 Mile Rd. and Grosbeck Highway. 
16 miles downtown Detroit. is 
scheduled for the summer of 1956. 


from 


\ western regional sales engineering 
office has been opened by Fielden In- 
strument Division, Robertshaw-Fulton 
Controls Co. at 310] Imperial Highway 
Lynwood, Calif. In charge is Charles 
the 
division as manager of the quality con- 


a O’ Lone. who previously served 


trol group and as development engineer. 


The Gulton Manufacturing Corp., 
Metuchen, N. J.. has announced receipt 
of an exclusive license from Convair 


Division of the General Dynamics Corp. 
for the manufacture of a new series of 
strain wire pressure gages which com- 
bine relatively high pressure sensitivity 
with The 
company is associated with Gulton In- 


a low vibrational response. 


dustries. Inc. 


Heald Machine Co., Worcester, Mass.. 
has been acquired by Cincinnati Milling 
Machine Co. The new acquisition will 
continue to operate in Worcester as a 
subsidiary. 

Consolidated Coppermines Corp. has 
acquired a controlling interest of ap- 
proximately 84 per cent in Rockbestos 
Products Corp., New Haven, Conn.., 
manufacturer of insulated wire 
cables, through an exchange of stock 
held by Rockbestos stockholders for 
shares of Consolidated 
Corp. Acquisition of Rockbestos adds 
wire and cable manufacturing facilities 
to the copper mining and metal fabrica- 


and 


Coppermines 


tion operations of the parent company. 
Rockbestos will be operated as a sepa- 
rate company under its present name. 

Responsibility for commercial de- 
velopment of the process for manufac- 
turing man-made diamonds, recently 
announced by General Electric Research 
Laboratory, has 
company’s Carboloy Department, Detroit. 


been assigned to the 


Ground has been broken for two new 
one-story buildings that will house ex- 
tensive research and laboratory opera- 
tions for Crane Packing Co. in Morton 
Grove, Ill. Signaling the combination of 
a 3-vear program. the buildings. con- 
taining 46,500 sq ft, are in addition to a 
126.000 sq-ft factory building already in 
operation. When the project is com- 
pleted early in 1956, the company will 
for its 


service 


17-acre home site 
and_ industrial 


operations. For the past 35 years, the 


have a new 


manufacturing 


company’s home facilities have been 


located in Chicago. 

























































PRE-SET TAMPER PROOF 
TIMER-RELAY 





A unique one-piece drawn core-shell 
with embossed guide points increases 
the mechanical operating life of the 
Durakool Timer-Relay five to six times, 
practically putting it in a “fail-safe” 
class. These relays are available in single 
or multiple units with single unit ca- 
pacities of 10, 30 and 60 amperes. Time 
delays from 0.15 to 20 seconds—any 
operate-release time combination. These 
new 1955 relays are now in production 
—no extra cost. 


GUARANTEED FOR AC-DC APPLICATION 
and: 
@ No plunger sticking 
@ No chatter 
@ Quiet operation 
@ No double contacting 


See telephone directory for 
local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 Weston Rd., Toronto 9, Canada 
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TURING 


Super sensitive thermostat keeps temperatures right in 
Dominion electric skillet. Long-life Permanickel contact 


ea 





springs carry the current at elevated temperatures with- 


out loss of spring properties. 


How Permanickel springs help 
keep close temperature control 
in Dominion’s electric skillet 


More and more. accurate temperature 
controls have made a giant of the do- 
mestic appliance industry. 


The Dominion Electric “fry-skillet” 
is the latest example. Its conductive 
type thermostat gives an accuracy far 
closer than the + 25°F. which stand- 
ard calibration calls for. 


What is the metal of this thermo- 
stat’s reliable, current-carry ing contact 
springs? Permanickel* high conduc- 
tivity age-hardenable nickel. Most good 
electrical conductors lose their spring 
properties at elevated temperatures. 
Not Permanickel! It can withstand 
even higher temperatures than the skil- 
let's maximum of 420°F. 


Inco Nickel Alloys help Dominion in 
other products, too... in deep frvers. 
cookers, toasters. steam irons, and flat 
Irons. Reg. Trad 


Thermostat Corp., Bartlett, N. HL. 
Thermostat Company, Bronx 60, N. Y. 


If you have a design or produce- 
tion problem, perhaps one of these 
alloys will solve it. Write Inco’s Tech- 
nical Service Section for the informa- 
tion you want. Or send for a copy of 
“Inco Nickel Alloy Helical Springs.” 
It will help you select the right spring 
alloy for difficult conditions. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





Model R-6 is a product of Amecican Thermostat Corp., South Cairo, N. Y., and of General 


both formerly affiliated with The American-General 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N.Y. 


INCO, Nickel Alloys are sold under 


the following registered trademarks: 


TRADE MARE 


MONEL * “R’” MONEL * “K’’ MONEL 

“KR” MONEL °* “’S’” MONEL * INCONEL 
INCONEL “’X” © INCONEL “W” * INCOLOY 
NIMONIC * DURANICKEL 

Also Nickel and Low Carbon Nickel 
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Lamination users can now correlate 


Ae 


% 





CCC COM) CCE 


me 


The above curve shows the maximum va. and watt loss 
of El 114” 29 gauge Orthosil 3X laminations. 


As a lamination user, you will want 
to know that guaranteed maximum 
va. and core loss is available for 
standard EI transformer laminations 
and that you can correlate the figures 
for your own applications. 

This valuable information is of- 
fered exclusively by Thomas & Skin- 
ner. For several years, Thomas & 
Skinner has accumulated data on 
standard EI laminations. Based upon 
an analysis of this information, T&S 
has established maximum va. and 
maximum core loss values of each EI 
lamination at 1,000 and 10,000 gauss, 
60 CPS. 

A MATERIAL CERTIFICA- 
TION is furnished with each ship- 
ment of T&S laminations, and gives 
test figures for both core loss and ex- 
citing current on each heat annealed. 


This CERTIFICATION attests that 
each shipment meets the specifica- 
tions set by the customer. 

To you — as a lamination user — 
these test figures mean elimination of 
need for retesting, adding up to im- 
portant savings in your production. 

WRITE TODAY for Technical 
Bulletin DMF-1 giving test details 
and tables showing core loss and 
maximum va. Also request new 40- 
page Bulletin No. L-355 (illustrated 
below), on special and standard 
laminations. 





SPECIALISTS IN MAGNETIC MATERIALS ... 
Permanent Magnets Q Laminations [s l and Wound Cores ® 


Thomas & Skinner, Inc. 


1114 E. 23rd Street—Indianapolis 7, Indiana 
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The Gulton Manufactering Corp., 
Metuchen, N. J., has established an 
Engineered Magnetics Division at Cul- 
ver City, Calif., for the development 
and manufacture of magnetic amplifiers 
and magnetically regulated power sup- 
plies. The new division will also provide 
instrument test, calibration, and repair 
facilities, and conduct shock and vibra- 
tion studies. 


Formerly located at Richmond Hill. 
N. Y., Eastern Precision Resistor Corp. 
has moved to a greatly enlarged plant 
at 675 Barby St., Brooklyn, N. Y. 


Allied Research Products, inc., Ballti- 
manufacturer of chromate 
version coatings for nonferrous metals 
and plating chemicals has established 
warehouses in Cleveland, Detroit, and 


more con- 


Chicago. 


Inductotherm Corp., manufacturer of 
high-frequency heating and melting 
equipment, has moved from Glenolden. 
Pa., to a larger plant at 412 Illinois 
Ave., Celanco, N. J. The move will 
consolidate the company’s expanding 
engineering, manufacturing and _ sales 
operations at one location. 


L. L. Constantin & Co., manufacture: 
of glass-to-metal vacuum seals and other 
electronic components, has opened a 
second plant at 187 Sargeant Ave.. 
Clifton, N. J. 


Approximately 20,000 sq ft of space 
will be added to the present factory of 
the Nice Ball Bearing Co., 30 St. and 
Hunting Park Ave., Philadelphia, Pa.. 
upon completion of present expansion 
plans. The major part of this additional 
space will be used for manufacturing 
purposes. 


Square D Co., Detroit, which recently 
started construction on a new plant to 
be located in Royal Oak, Mich., has 
begun production at two recently com- 
pleted units in Cedar Rapids, lowa and 
Secaucus, N. J. With the Royal Oak 
plant scheduled for substantial comple- 
tion this year, the combined new facili- 
ties will represent 14 million sq ft of 
manufacturing floor space added in 
1955. The firm will have 12 plants at 
the end of the year—ten in the U. S. and 
others in Toronto and Mexico City. 


Acquisition of the equipment, inven- 
tory and personnel of the Robey Rotor 
Co., Culver City, Calif., manufacturer 
of gyroscopes, blowers and miniature 
motors, has been announced by the J. B. 
Rea Co., Santa Monica, Calif. The move 
adds a new division to the parent com- 
pany, an electronics firm engaged in 
research, development and manufactur- 
ing in the automatic control and data 
processing fields. 
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PLASTIC MOLDED KNOBS 


FOR INSTRUMENTS, APPLIANCES, ETC. 





lit 





a ent 


From Stock Molds « No Tool Charge e« Fast Delivery 


Huge selection of shapes, sizes and colors available from Rogan’s 
stock molds. No tool charge, fast delivery. Markings can be 
branded to your specifications. Save time, save money, use 
Rogan’s stock molded plastic knobs. Send for free catalog. 


ROGAN BROTHERS 
8027 N. Monticello Ave., Skokie, Illinois 





THIS NEW-TYPE 


TAYLOR WIRING 
DUCT | 





You simply lay your wires in the duct, run them 
through holes to terminals, then snap on the 
cover—THAT’S ALL. No moving parts. No time 
wasted with hinges, cover screws, or mounting 
brackets. 


Here is a new concept in wiring automation con- 
trol panels. It speeds up production; eliminates 
old-fashioned, time-wasting lacing or bundling. 
Quick-and-easy maintenance! 
Taylor Wiring Duct is non-combustible: will not 
warp. It can be cut cleanly with any cutting tool. 
Wider range of sizes than any other duct— 

From 14” x 4” up to 4” W x 3” H 

Made of tough Vinyl Plastic. 


Write for sample, literature, and prices now. 


TAYLOR ELECTRIC, INC. 


15402 Dale 


Detroit 23, Michigan 
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Metal Statistics 





Copper prices skyrocketed this month with pro- 
ducers quoting 43c. and custom smelters at 50c.! 
And the end was not yet in sight. Zine advanced 
14c.; aluminum and lead were in a strong market 
position. 


COPPER-—Electrical manufacturers this month saw coppe 
prices pushing through a 90-year old record and _ they 
weren't very happy about it. Not only did copper prices 
skyrocket but material was extremely tight and manufac- 
turers had great difficulty in securing available supplies 
even if they were prepared to pay some of the outside 
prices being asked around. 

Producers boosted their copper price to 43c. a lb. Custom 
smelters broke with an existing tradition of quoting prices 
similar to those of producers and announced their sales 
prices at 50c. The difference of 7c. between producers and 
smelters caused tremendous confusion among buyers of 
copper. 

Even with custom smelters at 50c., the end was not yet 
in sight. Sales of copper at as high as 53c. were reported 
as consumers desperately sought supplies for prior commit- 
ments and for spot needs. As we went to press there were 
rumors that the producers themselves 
conservative factors 
to 46c. a |b! 

The multiplicity of prices was not confined to the U.S. 
Abroad, the Rhodesian Selection Trust, which had _ been 
originally set up to keep prices stable, advanced its price 
level to £360, or equivalent to 45c. a lb. London Metal 
Exchange prices hovered around 47c. to 48c. a |b. 

Meanwhile, there was some apprehension as to what 
action Chile would take in this critical situation. With 
custom smelters at 50c., it was doubted whether Chile would 
be satisfied with the producer price of 43c. This is one of 
the reasons there was some expectation that the producers 
would go to 46c. 


usually the most 
were thinking of advancing their price 


Higher virgin copper prices meant higher scrap prices 
and No. 2 copper scrap soared to 43c., the level paid by 
refiners. This meant a price of around 48c. to 49c. after 
refining, and is one of the reasons why the smelters went 
to 50c. 

During the month the brass mills and wire mills were 
trying to replace depleted inventories and were having a 
difficult time getting the copper lost during the strike and 
during the floods. There have been representations made 
to the Government to release some 100,000 tons from the 
national stockpile, but most industry factors are skeptical 
that Washington will take such action. As a result, it is 
believed that the copper supply situation will continue tight 
through the end of the year and possibly through the first 
quarter of 1956. Some 11,000 tons were diverted to in- 
dustry use this month, but this was metal only slated for 
the stockpile and not in the stockpile itself. 

Obviously, electrical manufacturers were in a tough spot 
as far as copper supplies were concerned. If they were 
looking for ways and means to use substitute materials. 
such as aluminum, no one would be surprised. 

* & & 
ALUMINUM—“Electrical companies now are more interested 
in aluminum metal for use in electrical wire since the price 
of copper has risen so sharply,” R. S. Reynolds, Jr., presi- 
dent of Reynolds Metals Co. said last month. There was 
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‘DIE CASTING REPORT | 


Uniformity - - Less Machining - - - 
\\ Corrosion Resistance - - Close Tolerances 


' 
bi 
be 


--are a Few Reasons Why 





¢ 


This wringer-type Maytag washer has 24 die-cast parts. 


Maytag uses 15 to 20 million 
die cast parts per year! 


economies 


Having produced over 9 million wash- 
ing machines, no one knows better than 
Maytag Co. the importance of maintain- 
ing qui ality while meeting high produc- 


and advantages. Let our crea- 
tive design engineers look at your func- 
tional or decorative part needs, at no 
obligation of course. 





Formerly sandcast, this washer cover is now 


tion schedules. Die c: istings Lave helped ; : : 
an aluminum die-casting. 


solve the problem — at economical unit For 2 Sry of: 
costs — by providing unlimited qualities limited.” Address: 
of identical component parts. At the Company, Inc., 

same time, aluminum and zinc die-cast- ran N. Y. 
ings have met the critical demands of 
functional applications. Examples otf 
Mayt: ag re quirements. die castings must 
be (1) oil and water tight for gear cases 
and housings ( 


“Die-Castings Un- 
Precision Castings 
199 Walnut Street, 
Switched to 


die castings 
from sand castings 


Many of the die-cast parts in 
the Maytag automatic and 
wringer-type washer were 
formerly sandcast. Less ma- 
chining, better surface quality, 
reduced finishing time are 
reasons for the changeover. 
Precision is one of the major 
die-casting suppliers to May- 
tag...and has been since 1938. 





2) true to dimension for 
line assembly with mating parts and (3) 
free and clear of external surface flaws. 


While Maytag is a large user, those with 
lower requirements may enjoy similar 





Small zinc die-cast components, mostly functional. 


7} 


PRECISION CASTINGS CO., INC. 22 se 
A SUBSIDIARY OF Harrisburg Steel N 


cOoOrmrrPOR ATION 


4 - 
FAYETTEVILLE, N. Y.—SYRACUSE, N. Y.— CORTLAND, N. Y.—NEW YORK, N. Y. Wa y 
CHICAGO, ILL.— CLEVELAND, OHIO—KALAMAZOO, MICH. ’ 


READER INQUIRY SERVICE CARDS, 





PRECEDING BACK COVER 
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NOW! 


like a 
fine precision 
watch 


LOXSWITCH 


LIMIT SWITCHES 
are 


WATER-DUST-OIL TIGHT 












“O” RING SHAFT SEAL 


SIX MOUNTING PLATE 
SCREWS LOCATED 
AT KEY POINTS 


CAPTIVE COVER 
SCREWS 


WATERTIGHT SWITCH 
COVER 


GLASS FIBRE ARC 
SHIELD —15 TIMES 


MORE ARC RESISTANCE we 





New! 
Watertight Model 






ed 
ior Cow 


Now for the first time, at a competitive price, you can obtain 
a heavy duty limit switch that is water, dust, and oil tight.* 
This feature, plus double contact pressure, 50% to 100% 
faster break, low impact and 70° safety overtravel make 
the new Loxswitch the finest switch on the market today. 
Available in seven models with 19 contact arrangements. 
*NEMA TYPES 1-A, 2, 4, & 5. 








Comparative Tests Prove LOXSWITCH Superiority 
ee ceeeeemeneess 
Pee we Series | ’ Heavy Heavy 
FEATURES L100 Duty Duty 
| LOXSWITCH | Switch B Switch C 
Electrical 
Contact impact Mass—grams 2.45 |} 11.03 7.83 
Speed of ‘Break’—in. sec. 48 25 36 
Typical ‘Bounce’—milliseconds 4 16 4 
Contact Pressure at trip point—oz. 8 Si 4 
Mechanical ue 
Operating Shaft Diameter Vo” | Vo” 3’ 
Lever Roller Pin Hard Sit Soft 
Safety Overtravel 70° 30° 80° 
Actuating Force—in. oz. | 
To trip 125 220 | 185 
for max. overtravel 135 435 230 
for reverse trave! 35 435 85 
Number of Rotating Parts 4 6 9 








All of the above Loxswitch features add up to far greater electrical and 
mechanical life—3 to 5 times greater under severe operating conditions. 


FREE Loxswitch Catalog. Write for copy today. 


LOXSWITCH 


Specializing Exclusively in the Manufacture of Limit Switches 





R. B. Denison Mfg. Company 
102 St. Clair Avenue, N. W. 
Cleveland 13, Ohio 
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no doubt that copper producers were worried over a possible 
trend to aluminum should the price continue to soar. 

However, aluminum prices were also moving upward fol- 
1.00c. advance in primary metal. 
Alcoa increased prices for certain grades of 


lowing the most recent 
This month, 
standard and special aluminum alloys, ranging from 0.10c. 
to 0.40c. a lb for standard, and 0.10c. to 0.70c. for special. 

In addition, the supply situation was certainly not too 
bright. The bulletin of the National Association of Purchas. 
ing Agents indicated that the future outlook for aluminum 
demand indicated a “sold-out” condition through the end of 
1955. The civilian demand continues at a rate considerably 
in excess of previous forecasts. Aluminum requirements for 
defense needs in 1955 should approximate the 1954 level. 
The NAPA bulletin further stated that the increasing de. 
mand for aluminum has resulted in deliveries being the 
most extended this vear on most types and shapes of 
aluminum. 

Shipments of aluminum products in July were down from 
June but were generally above those of a year ago. Sheet 
and plate shipments declined to 106,996,254 lb from 125, 
507.746 lb. 

Pricewise, with 24.40c. for 


aluminum unchanged 


30-lb. ingot 99° plus. and 22.5c. for pig. 


was 


ZINC Consumers of primary zinc had to pay Yc. a lb more 
this month as producers boosted the price to 13c. East St. 
Louis. The rise was said to be due to increases in the cost 
of labor, fuel and supplies affecting the industry. It was 
the first change since April and the first time the price hit 
13c. since 1953. However. it was not unexpected as there 
had been indications that the price would go up. 

The General Administration, which had_ been 
coming into the market for zine at 12%c., came into the 
buying picture early in September at 13c., but it was doubted 


Services 


whether it would get too much material since consumer 
demand was fairly active and supplies were being absorbed 
rapidly. 

Shipments of all grades of zinc rose to 87,042 tons in 
August, from 76.812 tons in July. Stocks in the hands of 
producers declined to 46,087 from 51,305 tons at the end 
of July. August output rose slightly to 84,865 tons. 


LEAD-—Lead business was on an active scale throughout the 
month with no talk of better prices, although some won- 
dered whether lead might not be advanced in sympathy with 
higher prices for zinc and copper. With consumers buying 
lead at 15c. for both September and October delivery, it 
looked as if the price would hold at that level. There was 
some feeling that if the price goes any higher, the GSA 
might not buy any lead. 

As a result of the strike, domestic shipments of refined 
lead in July were 26,547 tons, a drop of 18.483 tons from 
June. Production was 23,850 tons, or about half of what 
it was in June. Stocks of refined lead in the hands of pro- 
ducers at the end of July were 39.790 tons, a decrease of 
1809 tons from end of June. 


* * * 
SILVERThe price of silver held steady this month at 90.75e. 
per oz, following price gyrations during the Summer. 


Domestic production of refined silver in July totaled 1,526, 
000 fine oz, a drop of 4,697,000 oz from the 6,223,000 oz 
produced in June. In the first seven months of 1955, refined 
silver production totaled 37,497,000 oz, a decline of 8,683,- 
000 oz from the 46,180,000 oz in the same period last year. 
TINA dock strike in New York helped firm up tin prices 
for a short period as the spot supply tightened considerably. 
The price of spot tin on September 16 was 97.25c. A month 
ago at that time it was about 34c. lower. 

During the month the Government through its Office of 
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Perec hee me ite ae 


involving belt, sprocket or gear needs 
for Smooth Cushion starts 

Acceleration control 

Overload protection 


There's a CENTRIC CLUTCH for every indirect drive requirement 
where pulley, sheave, sprocket or gear is overhung. 


CENTRIC’S Indirect Drive Clutches include: Fractional and Unit 
H.P. Clutches—Heavy Industrial Clutches—Spring Controlled Clutches for 
indirect, engine, turbine or dual drives. 


CENTRIC ALSO FEATURES 


Type A Clutch Couplings for Motor Drives—Engines and Dual Drives 
and the new 


TRIG-O-MATIC OVERLOAD RELEASE CLUTCH 
one of the greatest advancements 
against overloads in 

power drives, provides positive 
torque limit without any wearing 
parts, accomplished by the 
lock-out design which provides 
complete disengagement. 


In engaged positions— Clutch 
is preset to any required definite 
torque limit in the basic 8 units 
available. Driving pawl, in this 
position is locked into the rotor's 
“V". When disengaged through 


a ae en 
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overloads, the driving pawl is 4 | ba an 
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e080. 0 6.0.6,.e18) 


locked out from the "V” of the 
rotor by the reset pawl and the 
power supply is shut down. 
Re-engagement is easily adjusted. 





What is your drive problem? May we help solve it ? 


CENTRIC ZZ 
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New, independent 


source of 
THERMOSTAT METALS 





Since 1930, makers of temperature-actuated devices 
were limited, in their sources of supply for thermo- 
stat metals, to those companies operating under a 
cross-licensed patent. As soon as that patent expired, 
American Silver Company entered the field. 
American Silver brought to the manufacture of 
thermostat metals its extensive experience in pro- 
ducing metals to exacting tolerances for the aircraft, 
electronics, communications, instrument and jewelry 
industries — where thickness tolerances as close as 
+.0001” are often mandatory. 


Thermostat metals are produced at American Silver 
on 2-high, 4-high and Sendzimir rolling mills. each 
specially designed to produce precision tolerance 
strip with high-quality surface finish. All ASC strip 
is continuously atmosphere annealed for maximum 
uniformity. 


Why ASC Thermostat 
Metal Prices are Lower 


Since the Thermostat Metals Department bears only 
a small part of the total overhead, production costs 
are exceptionally low. This substantial saving is 
reflected in a lower selling price to you. 


Coils—Lengths— 
Fabricated Elements 





Spiral and helical coils, flat blades, U-shapes, can- 
tilever strips and other elements are fabricated to 
your blueprints. ASC thermostat metals are produced 


” 


in thicknesses down to .001”. widths down to “44”. 


in coils or in lengths cut to your order. 


The ASC thermostat metals now available will satisfy 
most New 
being added to the line. 


requirements. bimetals are constantly 


Tell us what you'd like to accomplish; we'll be glad 
to make our recommendations. Ask for Technical 
Data Sheet #400. 


A Industrial Metals Division 
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Defense Mobilization authorized the opening of negotiations 
for the sale of the Government-owned Texas City smelter. 
Congress still has to approve this sale, however 


MERCURY—A slight tightening in the spot supply situation 
of mercury, due to the dock strike, pushed prices up a bit 
The quoted price was $255 to $259 per flask of 79 Ib 
PLATINUM—The price of platinum was advanced $11 an oz 
to $91 an oz for bulk quantities, with retail or small quanti. 
ties priced at $94 per oz. This was the first official change 
in the metal since mid-July. There is active demand for the 
metal both here and abroad. 


MAGNESIUM— Production of primary magnesium ingot 
totaled 25.57 short tons in the first six months of 1955, off 
32 per cent from the same period last year. Second quarter 
output was off at 10,893, as against 14,677 tons in the first 
quarter. Net shipments of magnesium mill products in July 
were 1,437,000 lb, a drop of 15 per cent. 

Pricewise, there was no change with pig at 32.50c. a |b 
and ingot at 33.25c. a Ib. 


NICKEL—June consumption of nickel was up 10 per cent 
but imports were off 15 per cent. Consumption amounted 
to 18.704,718 lb (for companies reporting), or an estimated 
19,979,000 Ib for total consumption. In May, consumption 
was 18,144,000 Ib. 

Meanwhile more nickel has been made available by the 
Government to non-defense users. ODM announced it would 
make 1.250.000 lb of nickel available to industry from deliv- 
None of this 


eries scheduled to the Government. metal 
comes out of the stockpile. 


Nickel prices remained unchanged at 64.50c. a lb 


ANTIMONY—Smelter and mine output of antimony in the 
second quarter was 2000 and 160 tons respectively. This 
meant that output was virtually unchanged from the first 
quarter. Consumption was down about 3 per cent. 
wise, antimony was unchanged at 33c. a lb. 


Price- 


oa 
TUNGSTEN 
advanced because of higher ore prices. 
lle. to $4.50 per lb in 1000 Ib lots. 


boosted 7e. 


lb lots. 


Tungsten metal and ferrotungsten prices were 
The 98.8 grade rose 
Ferrotungsten was 
to $3.45 per lb of contained tungsten in 5000 


% 


STEEL—-Steel production figures keep breaking records. The 
\ugust production figure of 9,583,000 tons was the highest 
\ugust figure on record. It was 177,000 tons more than 
production in August 1953, the previous high. 

During the first eight months of 1955, output totaled 
75,890,248 tons, only slightly under the record total 8-month 
period of 1953. 

The record-breaking activity in steel indicates a contin- 
ued backlog of orders, heavy consumption, and firm price 
level well through the first quarter of 1956. The Business 
and Defense Services Administration stated that the steel 
industry will have to increase its capacity to 150,000,000 
tons from the present 126,000,000 tons by 1960 to keep up 
with the steadily rising demand and defense needs. 

It was already announced last month that Republic Steel 
will spend $130,000,000 for expansion that will boost its 
ingot capacity by 16 per cent. 
planning expansion programs. 

Scrap steel prices continued to hold at their top levels 
as steel mills bought scrap during the month. Despite some 
hesitation, it was felt that scrap prices would remain firm 
for the balance of the year. 


Other companies, too, are 
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